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OF MINERAL SUBSTANCES, AND THE 
STRUCTURE OF THE EARTH. 


| CHAPTER I. 
*OF SALTS IN GENERAL. 


| Dapassen of Salts. Salts fimple and compound.—What are called 
 fimple Salts are in ee compound Bodies——Oxy genous 
Principle. 


Poss HOSE fubftances are denominated falts which 
: are fufible, volatile, foluble + in water, not 
inflammable, and fapid when applied to the tongue. 
The moft fimple ftate of falts, is a mafs, white, 
brittle,“and in fome degree tranfparent. Salts in 
| certain 


_* This part of the work will neceflarily be in fome mea- 
fure chemical; but it is only by chemical procefs that we can 
reach the conftituent particles of natural bodies. ‘The reafon 
of this arrangement will be obvious. The object of this book 
is to treat of the ftructure of the earth; but it is neceflary to 
be firft informed concerning the different matters of which it 
| 4s compofed. 


+ The diftin@ion between folution and mixture has been 
“already ftated ; but it may not be improper to remind the reader, 
that in folution the body which was {olid is fo completely i in 
union with the fluid or menftruum, that the compound is com- 
pletely tranfparent, though not always colourlefs. Common 
ea for inflance, with water, makes a colourlefs folution; 
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certain degrees of heat are fluid and tranfparent, 
like oil. They differ in their degree of fufibility 
and volatility. Some affume the form of vapour 
in the ordinary temperature of the atmofphere, 
others in a great degree of heat remain fixed. — 
Previous to treating of the particular fubftances of 
- this clafs, it will be proper to make a few obferva- 
tions on the formation of falts in general. © Salts 
are either fimple or compound. Simple falts are 
diftinguifhed into alkalis and acids; and from the 
union of an acid and an alkali are produced com- 
pound falts, which are alfo called neutral, becaufe by 
this combination the characteriftic properties both of 
the acid and alkali are loft, and a new body is 
formed, which is extremely inert, in comparifon 
with the two fubftances of which-it is compofed. 
Several of the earths and fome of the metals are 
alfo capable of being united with acids, and the 
compound forms a falt more or Jeis perfect. 
Alkalis and acids, at the time they obtained the 
name of fimple falts, were fuppofed to be really 
fuch; modera-ditcoveries, however, have new led 
to a different conclufion, and left no reafon to 
doubt that afl the acids, and at leaft one of the al- 
kalis, are compound bodies. ‘The doctrine of the 
formation of acids is. now fully elucidated; the 


but blue or green vitriol makes a blue or green folution 
with water. A mixture on the contrary is always muddy, and 
if left to fland, a fediment will be depofited. The point of 
fatuvation is when the fluid will hold no more of the folid body 
in clear folution, but precipitates it, or lets it fall to the 
hottom, 
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- proceffes of combuftion, and of the calcination of 
metals, which were formerly attributed to the ex- 
pulfion of an imaginary fubftance, called phlogifton, 
are now proved to be only the formation of acids ; 
or the union of the principle of acidity or oxygen 
contained in the atmofphere, with fubftances,. the 
particles of which have, in certain circumitances, a 
ftronger attraction for that principle, than it has for 
the matter of heat. The chief circumftance which 
favours the union of the principle of acidity, which 
is alfo called by the French chemifts oxygen, with 
other bodies, is a proper degree of heat ; which, 
by removing the particles of bodies further from 
each other, diminifhes their attraction, and allows 
room for the entrance of air into their interftices. 
In the calcination of metals, and in combuttion, the 
oxygen gas of the atmofphere is decompoled, and 
while the bafé is attracted by the inflammable fub- 
ftance or metal, the matter of heat is difengaged, - 
and becomes fenfible. Bodies, however, may be 
acidified or oxygenated without being expofed to 
the air; and this is performed by placing them in 
contact with bodies which are already united with 
oxygen, but which have a weaker attraction for that 
principle than the body which is to be acidified. 
It is upon this principle that metals are deprived 
of oxygen, or reduced to the metallic ftate, by 
heating them in contact with charcoal, tallow, &c. 
In this cafe the inflammable fubftance having a 
ftronger attraction for oxygen than the metal has, 
becomes oxygenated; while the metal, by being 
deprived of this principle, is reduced to the me- 
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tallic flate. Metals and combuftible bodies may 
alfo be oxygenated in the humid way, by fubmit-— 
ting them to the action of acids. In this procefs 
the acid furnifhes the oxygen, and is therefore de- 
compofed. The oxygenation of minerals in the. 
bowels of the earth is probably chiefly effected by 
the decompofition of water, which is a compound 
of hydrogen and oxygen. A protefs of this kind 
is continually carried on before our eyes; the ruft 
which iron acquires by being expofed to damp air 
is an oxygenation of that metal. Other metals, 
‘however, have lefs affinity with the principle of 
“acidity, and this is remarkably the cafe with the 
~“perfe&t metals, platina, gold, and filver, which 
~ ‘therefore do not become rufted by expofure to 

air. ds 
~~ ‘In treating of falts, I thall firft give an account of 
“the alkalis, next of the acids, and laftly of their 
‘combinations, or the neutral falts. I fhall defer 
fpeaking of the earthy and metallic falts till the 
“earths and metals are defcribed. 
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INERAL fixed alkali, foda or natron, is 
the falt which is found recorded in ancient 
hiftory under the name of nitre. It is faid to be 
found in Egypt in tolerably pure cryftals, and allo, 
in Perfia, where it appears in a form refembling that 
of hoar froft. Even in Europe it is found in {mall 
quantities in mineral fprings, and alfo on the fur- — 
face of new walls, in the form of a damp. and dewy . 
efflorefcence. Ina compound ftate it is found in 
abundance; it makes half the weight of common 
falt, and is alfo occafionally found naturally combi- 
ned with other acids. The mineral alkali cannot be 
obtained from the native falts containing it, with- 
out great labour and expence: what is ufed in the 
arts is procured by the incineration of certain 
plants growing near the fea-fide. The crude mi-. 
neral alkali in commerce is called foda or barilla.. 
Alkalis are either mild or cauftic ; the latter is their 
moft fimple ftate, as when mild they are united 
with the carbonic acid, with which they. form a 
B 3 kind 


6  Diftinguifbing Marks of Alkalis. [Book V¥. 
kind of neutral falt. Though the carbonic acid has 
lefs affinity with the alkalis than any other acid, yet 
it is difficult to feparate it entirely. The ufual me- 
thed of accomplifhing it is to diffolve the mild al- 
kali in' water, to add to this folution fome quick- 
lime, and then to filtrate the liquor, and evaporate 


it in clofed veffels; the faline fubftance left after ~ 


evaporation is an alkali almoft entirely deprived 
of carbonic acid. This procefs is founded on the 
greater attraction which the carbonic acid has for 
quick-lime than for the alkalis. 

The vecerasie fixed alkali, pot-afh or kali, 
agrees in feveral circumftances with the former. It 
is acrid when applied to the tongue, requires as great 
a degree of heat to melt it; and in a very ftrong 
heat flies off totally in vapour. It differs from the 
foffil alkali in having a much ftronger attraction for 
water. This alkali may be cryftallized, but not fo 
eafily as the foffil. Little of the vegetable alkali 
has been found in a ftate of nature, and that only as 
entering into the compofition of nitre. It is ob- | 
tained in confiderable quantities from the afhes of 
almoft all land vegetables, by infufine them in 
water; the liquid, when ftrained from the dregs, 
will then contain the falt in a ftate of folution, and 
by evaporation we obtain the alkali in a fclid . 
-form. It 1s alfo eafily obtained from a fubftance 
called tartar, which is depofited by wine. The 
_ properties and ufes of the vegetable alkali are very 

fimilar to thofe of the mineral. | 

The fixed alkalis are employed in feveral of the 
adits, and Sedge anit in that of making glafs ; for 

; though 
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though many fubftances will fufe the vitrifiable 
earths, and reduce thern toa kind of glafs, the> 
alkalis are found the moft effectual and convenient. 
In the foap manufactory alfo the alkalis are a 
principal and effential ingredient. Common foap 
is indeed a combination of fixed alkali in a cauttic 
ftate with fat and oily matters... A very fine fpécies 
of foap is formed by the union of mineral alkali 
with olive-oil, or oil of {weet almonds. In the 
making of this fubftance, the alkali is fir ren-. 
dered cauftic by boiling it with half its weight of 
guick-lime, which abftracts its carbonic acid or fix- 
ed air by fuperior attraction. What is called foap- 
leys is a folution of the cauftic allcali in water, which 
is evaporated to fuch a degree of denfity as to be able 
to fuftain a new-laid egg. To make the finer foap, 
a part of this lixivium is to be diluted, and mixed 
with an equal quantity of olive-oil. The mixture 
1S put ona gentle fire, and agitated, by which the 
union 1s ace léeatinl, When the mixture. begins 
to unite well, the reft of the lixivium is to be ad- 
ded to it, and the whole is to be digefted with a 
gentle heat, tll the foap is completely made. 
Good foap of this kind is white and firm when cold, 
and is not lable to become moift on expofure 
to air; itis entirely mifcible with water, to which . 
it gives a milky appearance, without exhibiting any 
particles of oil on the furface. | 
In the making of foft, liquid, green, or black 
{oaps, cheaper oils are employed, as oil of nuts, 
of hemp, of fifh, &c. but tallow is the ingredient 
ufed in our common hard foap. 
Ba Ol 


3 Volatile Alkali. [Book V1. 
Oil may be feparated from foap by the addition 


of an acid, without being much altered in its pro- 
perties. On this account, waters which contain 
any acid, either in‘a difengaged ftate, or combined 
» with any fubftance except fixed alkali, decompofe 
foap, and will not completely mix with it. 
Jn this decompofition, efpecially that effected by 
the vitriols of lime and magnefia, which are fre- 
quently contained in water, the vitriolic acid unites 
with the fixed alkali of the foap, and: forms vitriol 
of foda, or Glauber’s falt; the lime or the mag- 
nefia combines with the oil, and forms a kind of 
foap {carcely at all foluble, which floats in a whitifh 
curd like mafles on the furface of the water. See 
~The voratizte alkali or ammonia 1s feldom or 
never found ina fimple ftate. It is met with in’ 
nature only compounded with other bodies, in ni- 
trous ammoniac, or in commen fal ammoniac, which 
is fometimes found in the neighbourhood of volea- 
noes, or coal-mines which have burnt fora long. 
time. The volatile alkali of commerce is chiefly 
produced from bones. This alkali is very different 
in its properties-from the other two; its volatility » 
is fo great, that under the ordinary preffure of the — 
atmofphere it is continually flying of in a very 
pungent vapour. It is fold in the fhops under the 
name of fmelling falts, fal volatile, or fpirit of 
hartfhorn. The “pret of putrefaction in animal 
matters, and in fome vegetables, particularly cab- 
bages, throws it off into the air, together with 
other volatile matters, which in fome meafure dif- 
guile its {mell, Volatile alkali is now proved to 


be. 
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be a combination of two other fubftances, namely, 
the bafes. of the azotic and hydrogen gaffes. M. 
Berthollet has found by analyfis that 1,000 parts of" 
volatile alkali confit of about 807 parts of azote, 
combined with 193 of hydrogen. The volatile 
alkali of the fhops, that is in its mild and concrete 
ftate, when heated to a certain degree, affumes the 
‘form of vapour, but by a diminution of the heat 
returns again to the concrete form. Volatile a ikali, 
however, “deprived of the fixed air which rendered 
it mild, is capable of receiving a permanently 
eldftic form; in which ftate it is called alkaline air. 
When a imixture of alkaline air and marine’ acid 
air was made by Dr. Prieftley over mercury, a beau- 
tiful white cloud was formed, and a diminution in 
the bulk of the airs took place. The cloud hav- 
ing fubfided, was found to be common fal ammo- 
niac, or a union of the volatile alkali with the ma- 
rine acid. Nitrous air admitted to alkaline air, 
likewife occafioned a whitith cloud, which foon 
difappeared, leaving only a little dimnefs on the 
fides of the veffel. Fixed air admitted to‘alkaline 
air, produced a depofition of the common or con- 
crete volatile alkali, in the form of oblong and flen- 
~ der cryftals, which crofféd each other, and covered 
the fides of the veffel like anet-work. [nflammable 
air admitted to alkaline air, produced no particular 
appearance. Water abforbed the alkaline air, and. . 
left the infhammable air as before. Azotic gas feem- 
“ed to have no effe@&t on alkaltne air, Alkaline 
air is abforbed by water, in the proportion of 2 of 
an 
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an ounce meafure of air to 1% grains of rain- 
water ; and the water is by thefe means made pro- 
digioufly ftronger than any of the volatile fpirit of 
fal ammoniac or harthhorn, obtained in the com- 
mon way. | nea 
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Of Acids in ceneraleVitriolie Acid; how obtained, ©B cme 
Nitrous Acid; bow cbtained.—Muriatic Acid; how obtained, 
and its Ufe in the Arts—Fluor Acid; diffolves Glafs; em- 
ployed to make Etchings on Glafs.—Acid of Borax.——Phofphoric. 
Acid. —- Acid of Amber. 


CIDS are very active fubftances, and when 
concentrated are highly corrofive. ‘They 
have fo general a tendency to unite with other fub- 

- ftances, that they are never obtained pure except 

by art. They are generally fluid, which feems, 

however, chiefly to be owing to their ftrong attrac- 
tion for water, of which few of them can be en- 
tirely deprived, and which they copioufly attrac 
from the atmofphere. One of the marks by which 
the prefence of uncombined acids may be afcer- | 
tained, is their property of changing to a red, the 
blue colour of infufion of violets, which ajkalis 
_ change to a green. Acids are diftinguifhed into 
paineel vPbeeabie, and ‘animal; the fubject. of 
this book will at prefent confine us to thofe of the 
firft clafs. | 
The acids found in the mineral kingdom are the 
carbonic acid or fixed air, the vitriolic, the nitrous, 
the muriatic, the acid of fpar, the acid of borax, 
the acid of phofphorus, and the acid of amber. 
The 


} 
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The carsonie acid has already ‘been treated of 
under the head of gaffes. hs Bhi 

The virrrotre aeid takes its name from vitriol 
or copperas, from which it: was formerly extracted 
by diftilation. In the new chemical nomenclature, it 
is with much more propriety called the acid. of ful- 
phur, as it is now found to be a combination of that 
inflammable fubftance with oxygen. The pungent — 
and fuffocating fumes which are produced. by the 
inflammation of fulphur, are an acid which is im 


perfect from a deficiency of oxygen; and which. 


‘eannot be condenfed without the aid of water. 


Lhe vitriolic.acid can never-be entirely deprived of 
water, but admits of the greateft concentration of ~ 


‘all. the ‘acids, and may be reduced to a: fate in 


which its {pecific gravity is'double that of water. 
The denfe and flugeith appearance of the concen- 
trated vitriolic cae has given rife to the improper 
name of oil of vitriol, under which it ates in the 
fhops. : | 

M. Lavoifier makes: a diftinGibn nneane ‘this 
acid, as it exifts in an imperfect and gafleous ftate, 
and as it exifts in the form of a tranfpare bane 
ponderous liquid combined with water. oIn ‘its 
former ftate he calls it, acide fulpbureux (fulphureous 
acid); in the latter, acide Julphurique (fulphurig¢ 
acid). . The fame difference of termination, is | 
employed to exprefs the different ftates of the — 


nitrous acid, according as it is imperfectly Or- com- 


pletely faturated with oxygen. A difference of ter- 
mination is alfo given to the combinations of 
acids, according as “they are perfectly or imperfectly 

faturated 


he a 
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faturated with oxygen. ‘Thus the combinations of 
the fulphureous acid, are called /ulpbites ; thofe of 


the fulphuric acid, fulphats, &c. 


The vitriolic acid now ufed in commerce is pre- 


| pared in the following manner :—A quantity of ful- 


phur and falt-petre, grofsly mixed, are placed in a 
veflel within a {mall room, lined with lead, and con- 
taining a few inches depth of water at bottom, The 
fulphur is lighted, and the room clofed. The falt- 
petre ferves to maintain the combuftion, by the 
oxygenols gas which it affords; and the acid 
fumes ‘which are produced are abforbed by the 
water. The procefs is repeated till the water 1s 
thought fufficiently acid. The volatile fumes are 
then diffipated by expofure to air, and the acid is 
concentrated by diftilling off the fuperfluous water. 

The vitriolic: acid. is faid to have become con- 
crete by cold, but it probably was not in its mott 
perfect ftate. It eafily parts with its oxygen to in- 
flammable fubftances; if oil is mixed with. it, it is 
converted into a dark, vilcid fubftance, and emits 
folphureous and pungent vapours. 

‘The vitriolic acid has been thought to exift in 
the atmofphere, but this is a miftake.. It is difco- 


-vered in fome waters, but in fmall quantity ; it 


exifts in fome ores of metals, and makes one of the. 
conftituent parts of gypfum. | 
The nirrous acid is a fluid of confiderable 


weight, but dées not admit of fo much concentra- 


‘tion as the vitriolic. In its moft perfect form it is 
quite tranfparent and, colourlefs, but in its ordinary - 
ffate it is of an orange tawny colour, and when ex- 

pofed 
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pofed to the air it conftantly emits orange-coloured 
fumes, which are noxious. It very readily parts with 


its oxygen to inflammable fubftances and metals; | 


and when mixed with oil of turpentine, it explodes 
_ and flames. The oil attracts the oxygen, and burns, 
while the azote is fuddenly fet at liberty, and occa- 
fions the explofion. When nitrous acid is diluted 
with an equal weight of water, it 1s called aqua 
fortis. ‘The nitrous acid is confiderably diffufed in 
nature. All that is fold in the fhops is obtained by 
diftilling falt-petre with the vitriolic acid. 

Azotic and oxygenous gas were mixed together 
by Mr. Cavendifh, and oe electric fpark was 
pafied through them. In thefe trials a diminution of 


bulk was always obferved; indeed five parts of | 


oxygenous eas being added to three of common air, ’ 
almoft the whole difapp peared. By continuing his 


experiments, he found that an acid was produced, | 


and that acid was the nitrous. 

The muriaric acid, in its ordinary flate, is 4 
yellowifh-coloured fluid, and emits fumes which do 
net give the air a red tinge lke the nitrous acid, 
but “produces an appearance. of mift. Thefe 
fumes are noxious to the lungs, and fmell like 
burning foot. The muriatic acid 1s diftinguithed 


from the vitriolic and nitrous in the ftrong adhe- 


" fion of its component parts, which is evinced by its 


not parting with oxygen, and of courfe its having. 


ttle action on inflammable fubftances. So ftrong 
indeed is the attraction between the princi- 
‘ples, whatever they are, which form this acid, 
that they have never been feparated. Its bafe 

| therefore 
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therefore is wholly unknown to us, and we have 
no other evidence than analogy to lead us to con- 
clude that, like other acids, it contains oxygen. 
M. Berthollet conjeGtures the radical of the mu- 
rlatic acid to be of a metallic nature. \The muri- 
atic acid fs by far the moft abundant of all the acids 
in the mineral kingdom; it is naturally combined 
with hime, magnefia, and natron, or the foffil alkali ; 
with the latter ic forms the immenfe beds of fai 
gem, and the faline matter which eives faltnefs to 
the ocean. : 
As the muriatic acid ¢an only fuofift in the 
gaffeous ftate in the ordinary temperature and 
preffure of the atmofphere, it is neceflary to ufe 
water in order to condenfe it. But the ordinary _ 
miuriatic acid is capable of being combined with 
an additional quantity of oxygen, by being diftil- 
-led with the mineral, fubftance called manganefe, 
or with certain preparations of lead and mercury, 
which readily part with oxygen. The acid re- 
fulting from this procefs, and which is called oxy- 
genated muriatic acid, can only, Jike the former, 
exift in the gaffeous ftate, and is abforbed in a much 
fmaller quantity by water. When the impregna- 
tion of water by this gas is carried beyond a certain 
point, the {uperabundant acid precipitates to the 
‘bottom of the veffel in a concrete form. M- 
Berthollet has fhewn that this acid gas is capable 
of being united with a great number of falifiable 
bafes; the neutral falts which refult from this union 
are capaole of deflagrating with charcoal, and fome 
of the metallic fubftances: thefe detonations are 
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very violent and dangerous, from the great quan- 
tity of the matter of heat which the-oxygen car-: 


ries alone with it into the compofition of the Oxy- 


- genated muriatic acid, 
The muriatic acid in the oxygenated ftate has 


alfo a remarkable power of rendering vegetable and . 


animal matters white., The reducing of this prin- 
ciple to practice has, indeed, been produétive of a 
very efiential improvement in the art of bleaching, 
and for this too we are indebted to M. Berthollet*. 
By various experiments he was enabled to afcertain 


that the oxygenated or dephlogifticated marine. 


acid, as it was at firft called, only differs from the 
-¢ommon marine acid, in containing a fuperabun- 
dance of oxygen, with which it very readily parts. 
‘He di Aietied further, that oxygen has a remark- 
able property of deftroying the colours of vegeta- 
ble matters; that even the dew which falls from the 
atmofphere, and that which comes from the noc- 
-turnal tranfpiration of plants, were impregnated 


with oxygen, fufficiently to deftroy the colour of © 


paper, flightly tinged with tinure of turnfole, 
The ancient prejudices concerning the dew of the 


month of May, a feafon when re ‘tr anfpiration of 
plants is moft abundant, he conceives to have origi-' 


nated in a fimilar obfervation. 
Attributing, therefore, in his own mind the com- 
‘mon effect of whitening linen in bleach-yards to 


the action of oxygen, ie was led te imitate that 


procefs by applying leys, and the oxygenated mu- 


“* Annales de Chyihies " 
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riatic acid alternately, ‘and by thefe means was ena- 
bled to make linen, &e. permanently white, by a 
very quick and eafy procefs. Obfervine further 
that it was the practice in common bleaching, to 
make the linen, &c. in the finifhing, pafs through 
four milk, or a very weak mixture of the vitriolic 
acid with water; he alfo tried the paffing of the 
‘cloth through a very dilute folution of the vitriolic 
acid, and obferved that it was confequently ren- 
dered of a clearer white. 

The oxygenated acid may be employed either in 
the aerial form, or diluted with water; and the lat- 
ter appears to be the moft convenient mode of ap- 
plying it. The effect feems to refult entirely from 
the action of the oxygen which the acid parts with 
to the cloth, and which has a power of deftroyine 
vegetable colours. Perhaps the fading of dyed 
ftuffs on being expofed to the action of the light and 
air may be accounted for on the fame principles. 
The acid which M. Berthollet employed in bleach- 
ing he found had parted with all its fuperabundant 
oxygen to the cloth, and was reduced to the ftate 
of the common muriatic acid. The foap-leys feem 
to act in two ways; by neutralizing any of the fu- 
perfluous acid which might be imbibed, it faves 
the cloth from being corroded; and it alfo prevents 
the fuffocating fumes of the oxygenated acid from 
being offenfive or injurious. Poffibly the detergent 
quality of the leys may have a‘further effect in car- 
rying off the colouring particles which are detached 


from the cloth by the action of the oxygen. 
Vou, If. | C When 
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When one or two parts of pale concentrated 


nitrous acid are mixed with four of fuming muri- 
atic acid, an-effervefcence foon takes place, and 
oxygenated muriatic acid is produced ; at the fame 
‘time that the mixture becomes of a red colour. 
The mixed acid is called agua regia, which has 
the property of diffolving gold. 


The sparry or fluor acid was difcovered by | 


Mr. Scheele, and takes its name from the fubftance 


from which it is obtained, and which is commonly — 


known in England under the name of Derbythire 
fpar. This acid when pure aflumes the form of 
gas. In this ftate itis heavier than atmofpheric air, 
extinguifhes flame, and deftroys animal life ; it has a 


sie penetrating {mell, like that of marine acid, but more 


powerful; and its caufticity is fuch that it almoft 
inftantly corrodes the fkin. Heat dilates it, without 
producing any other change. ‘The addition of at- 
mofpherical air has the effect of producing with it a 
white vapour, which is more or lefs abundant, in 
proportion as the atmofphere contains more or lefg 
of humidity. | 
If vitriolic acid is poured on the Derbythire fhe, 
which is a combination of this peculiar acid with 
calcareous earth, and a gentle heat applied, the acid 
is difengaged in an aerial form.» It readily com- 
bines with water, and therefore the recipient fhould 
be half filled with that fluid.’ ‘The firft -experi- 
ments which were made of the diftillation of this 
acid in glafs vefiels, were attended with a ftriking 


_ appearance, which required confiderable acutenefs 


for its explanation. It was obferved that.as foon 
: ja 
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as the acid gas reached the furface of the water, a 
quantity. of earthy matter was depofited. This 
was at firit naturally attributed to the acid carrying 
over with it part of the calcareous ftone from which 
it was diftilled. Upon examination, however; ic 
was found that the earth depofited in the water 
was filiceous, and this gave rife to an opinion 
that flint was only a compofition of this acid with 
water. This hypothefis was foon overturned, b 
obferving that the glafS veffel in which the diftilla~. 
tion was performed was always corroded, or in part 
diffolved. In this manner it was found that the flu= 
. oric acid has the fingular property of diffolving 
glafs. As only a moderate heat is required. for 
the diftillation of this acid, it is now ufual to make 
ufe of leaden veffels for that purpofe; which. are 
not corroded by the acid. » ‘The bafe of this acids 
unknown, as we are not acquainted: with any fub- 
{tance which can abiftract its oxygen. 

The fluoric acid has been fuccefsfully employed 
to make etchings on glafs, in the fame manner_as 
nitrous acid is applied to copper. It combines 
readily with earth and alkalies, but fcarcely, if at 
all, acts on gold, filver, lead, mercury, tin; anti-= 
mony, bifmuth, or cobalt, but it diffolves their 
calces. It acts direétly:on iron and zinc, with the 
production of inhammable gas; and it likewife dif. | 
folves copperin the metallic itate, though lefs eafily 
than-when calcined. 

If norax is diffolved to faturation in - boiling 
water, and the vitriolic acid added. in fuch quantity 
as to be perceptibly in excefs, a fubftance will rife 
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to the furface of the water in the form of. white 
fcales, which 1s proved to be a peculiar acid. Many 
chemifts have fuppofed that this acid is an artificial 
product, formed by a combination of the falts made 
ufe of in its manufacture. This opinion, however, 
has now been given up, fince this acid has been 
found to exift in a ftate of great purity in mineral 
waters, and fince real borax may be formed by ad- 
ding this fcaly falt to the mineral alkali. The acid 
of borax requires about, fifty times its weight of 
water for its folution. In a moderate heat it melts 
‘with lefs intumefcence than borax itfelf; and the — 
glaffy fubftance, thus formed, is again’ foluble in 
water, having only loft its water of ctylalieee | 


tion. 


The acid of borax is ufed to fufe vitrifiable 
earths, with which it forms clear and almoft colour- 
lefs. slaffes; by the affiftance of heat it diffolves the 
earth precipitated from what is called the liquor of 
flints. It unites with ponderous earth, magnefia, 
lime, and alkalis, and forms with thefe fubftances 
faline compounds. All thefe properties, and more 
efpecially its tafte, the red colour it communicates 
to-the tinctures of violets and turnfole; and its neu- 
tral combinations with alkalies, fufficiently indicate 
its acid nature; but it is the moft feeble of all the 
acids, and is difencaged from its combinations 
even by the carbonic acid: The acid of borax, 
is the fubftance called by Homberg fedative falt, 
from its fuppofed effects on the human body. It 
effervefces with a boiling hot alkaline folution, but 
not with metals or abforbent earths, though it may 
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be united with them. It has.a weak attraction for 
inflammable fubftances, particularly {pirits of wine, 
the flame of which it tinges green. From this 
circumftance it has been fuppofed, but without 
fufficient proof, to contain copper. 

Puospsoric acid is obtained by the combutftion 
of the bones of aduit animals, which are afterwards 
pounded, and paffed through a fine filk fieve; a 
quantity of dilute vitriolic acid is then poured upon 
the powder, but lefs than is fufficient for diffolving 
the whole. This acid unites with the calcareous 
earth of the bones, and forms felenite,. and the 
phofphoric acid remains free in the liquor. The 
liquor is decanted off, and the refiduum’ washed 
with boiling water; this water, which has been ufed 
to wath out the adhering acid, is mixed with what 
was before decanted off,, and the whole is gra- 
dually evaporated. The diffolved felenite now cryf-. 
tallizes in the form of filky threads, which are re- 
moved; and by continuing the evaporation we pro- 
cure the phofphoric acid, under the appearance of 
_awhite pellucid glafs. When this is powdered, and 
mixed with one third of its weight of charcoal, we 
procure very pure phofphorus by fublimation. The 
phofphoric acid, however, as procured by the 
above procefs, is never fo pure as that obtained by — 
oxygenating pure phosphorus, either by combuftion 
or by means of the nitrous acid. 

‘The phofphoric¢ acid may be rendered concrete 
with very little difficulty, by merely exhaling the 
moifture, It abounds in the animal kingdom, and 
is not unfrequent in the vegetable and mineral. In_ 
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this laft it is found united with lead and iron, as 


well as with calcareous earth. | 

The acid of amsper is obtained from the fub- 
ftance of that name, by the fimple application of 
heat. The operation muft not be carried on too fary 
or by too ftrong a fire, as the oil of the amber is 
apt to rife with the acid. The acid is found in a 
concrete form in the neck of the fubliming veffel ; 
it is foluble in twenty-four times its weight of cold 
water, and in amuch {maller quantity of hot water. 
It poffeffes the qualities of an acid in a very fall 


degree, and only affects the blue vegetable colous | 


very flightly, os 
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NEUTRAL SALTS. 


Whe Union of an-Acid and Alkali deftroys the corrofive Quality 
of each.— Neutral Salts ds not communicate the faline Quality 
to other Bodies—-Cryftalline Form—how decompofed. 


ATURAL produétions pafs by grada~ 

tions into each other; and I might have Bie 
yen an account of the primitive earths immediately 
after that of the alkalies, as thefe fubftances have 
feveral properties in common, particularly that of: 
uniting with acids, and forming neutral compounds. 
Metals alfo are capable of being united with acids, 
and of forming with them fain fubftances. A 
jucid order will however be better preferved, by 
at prefent confining our attention to the confide- 
ration of fuch neutral bodies as are. formed by the 
union of an acid and an alkali. 

Toa perfon unacquainted with chemiftry, it is a 
ftriking circumftance that two acrid and corrofive 
fubftances fhould by their union form a compound 
very mild and inactive. Such however is the cafe, 
and what is ftill more remarkable, their previous 
acrimony, and tendency to combine, renders the 
neutral body proportionably more inoffenfive.. Thus 
an alkali united with vitriolic acid, may be received 
into the body with much lefs caution than. when 
combined with the aerial or carbopic acid. The 

C4 neutral 
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neutral falts in general have not fo ftrong a tafte 
as the fimple,-their tendency to combination and 
their folubility being lefs confiderable ; but the cri- 
terion which more efpecially diftinguifhes them 
from the former is, that they cannot, like the fimple 
. falts, communicate the faline properties to other 
bodies. Their cryftalline form is likewife a cir- 
- cumftance which very generally diftinguifhes the 
neutral from the fimple falts. The volatility of the 
neutral falts is not in general-fo great as that of the 
fimple falts. eer e | | 
Neutral falts may in many cafes be decompofed 
by heat alone, but in general it is neceflary to have 
recourfe to elective attraction, or the addition of a 
‘third fubftance. When: the decompofition is ef- 
fected by heat alone, the more volatile part is 
forced off: butit feldom fucceeds in this way, the 
ingredients adhering fo ftrongly that they rife to- 
gether. It then becomes neceflary to have re- 
courfe to elective attraction. Thus, if from a neu- 
tral falt we wifh to obtain the acid pure, we apply 
another acid which has a greater attraction for the 
alkali. If our object is to obtain the alkali fepa-' 
rate, we apply a fubftance which has a ftronger at- 
traction for the acid. 
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Glauber’s Salt; how decompofed 3 Solution of it left to cool eryf-— 
tallizes on being foaken.—Vitriclated Tartar——V itriolated An 
MONTAC 3 


HE firft fubftances of this kind which chal- 

» lenge our attention, are Glauber’s falt and 
vitriolated tartar, or as they are denominated in the 
new chenical nomenclature, fulphat of foda, and 
fulphat of pot afh. The former of thefe neutral | 
falts is compofed of the vitriolic acid, combined 
with the mineral alkali; and the latter of the fame 
acid with the vegetable alkali. They both have a _ 
faline bitternefs. By heat their ingredients may be 
raifed into yapour, but no one fimple falt will fe- 
parate them, as no acid has a ftronger attraction 
for the alkali than the vitriolic, nor’ any alkali a 
ftronger attraction for the vitriolic acid than the 
fixed. Dr. Stahl propofed the effecting of this 
feparation as a problem. He knew how to folve 
it, and it was afterwards done by a double elective 
attraction. Another more curious method is this : 
take Glauber’s falt or vitriclated tartar, melt the 
falt in a hot crucible, and add to it firft a quan- 
tity of charcoal, which has a ftronger attraction for 
- the oxygen of the vitriolic acid than the latter has 
for the alkali, Thefe being expofed to heat, 
| the 


26 —— Glauber’s Salt. «Book VI, 
the charcoal in part difappears, and the mixture 
acquires a deep red colour. If the matter ig —— 
poured out, we find it to be an hepar fulpburis, 
or liver of fulphur, the charcoal having* carried, 
off with it the oxygen in the form of cata 
acid gas. ) 

isu tine § SALT is more fufible than cise 
tartar, melting in a moderate degree of red heat.. 
The folution of Glauber’s falt Pant into columnary 
cryftals, which have generally fix fides, four prin- 
cipal, and two which feem accidental. Its cryftals, 
containing a large quantity of water, are liable to 
have it abftracted from them by the atmofphere, 
when they fall to powder, or in chemical language 
-effiorefce. ELow much water Glauber’s falt is capa- 
ble of containing, is known by its requiring twice its 
weight of water to cryftallize. The water fhould be 
added in a boiling -flate, and the mixture boiled a 
little afterwards; it may be fet by ina quiet place, 
and will be found cryftallized the next day,-or will | 
fuddenly affume that ftate on being fhaken. On 
cryftallizing, a quantity of heat ‘is pematge to be | 
emitted by the fubftance paffing from a fluid to a . 
folid ftate, and confequently lofing ae of its 
_Jatent heat. 

Of Glauber’s falt, all that is afi. at_prefent is! 7 
produced by art. It is faid to be produced by na- 
ture in the waters of mineral fprings, and of the - 
fea., But the falt found in them is ufually not 
Glauber’ s falt but Epfom falt, confitting of the vi- 
triolic acid and magnefia. Glauber’s fale is ob-— 
gained by uniting the vitriolic acid with the mineral 

alkal 


nap. 5. } Vitriolated Tartar. 29 
valkali of common falt, as happens in the procefs for 
obtaining the muriatic acid. 

VITRIOLATED TARTAR is diftinguifhed from 
Glauber’s falt, by a lef degree of ‘fulibility. It 
‘requires for its fufion the Riondeh fire. Its cryf{tals 
are harder, but lefs bright, and do not contain fo 
much water as thofe of Glauber’s fale. Hence they 
are not liable either to fpontaneous efflorefcence, 
nor to watry fufion, but, like other falts, which coa- 
tain little water, attract it ftronglv. ‘This falt de- 
crepitates * in the fire. Vitriolated tartar does not 
appear to be a foffil falt; it is found in the juices 
of vegetables, and remains in their afhes after they 
are Biri: What is ufed in “ying and medicine, is 
obtained by art, moft commonly by adding vitriolic 
acid to nitreé, in order to ey the nitrous 
acid. | 

One hundred parts of vitriolated tartar contain, 
according to Bergman, about 52 se of fixed ve- 
getable alkali, 40 of vitriolic acid, and 8 of water 
of cryftallization. 

The vitriolic acid combined with the volatile al- 
kali is called AMMONTIACAL VITRIOL, or fulphat of 
ammonia. Ammoniacal falts, it is proper to re- 
mark, are fo called from ammon, an Arabic word 
for fand ; or, as Pliny conjectures, from the temple 
of Jupiter Ammon, near which ammonia ufed to 
be found in great quantities, on account of the ca- 


* In decrepitation the cryftals burft, and fall into powder, 
from the expanfion of the water which they contain, by the 
heat. This occafions that crackling noife which common falt _ 
makes when thrown into the fire, 
mels 
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mels dung and urine brought thither. With re- 
{peét to the general properties of ammoniacal falts, 
as their aici is very volatile, they are unable to 
bear any great degree of heat without being con- 
verted into vapour, though much more than might 
_be expected from their ingredients. They emit pun- 
gent fumes if a fixed alkali or lime is added to 
them, as thefe fubftances, having a ftronger affinity 
with the acids, expel the volatile alkali. 

When ammoniacal vitriol is very pure, it has the 
form of needles, which, on careful examination, are 
found to be flattened prifms of: fix fides, two of 
which are very broad, terminated by fix-fided prifms 
irregularly formed; but the whole figure of the 
cryftallization is fubject to confiderable Varieties. 


This falt is fometimes in the form of quadrangular : 


prifms, and is fometimes obtained in very thin 
plates. 

Its tafte is bitter and urinous; it is light, aad 
very friable. It is fcarcely changed by expofure to 


‘air; it doés not,efforefce like Glauber’s falt, but on — 


the contrary flightly attraéts the humidity of the 
air, It is very foluble in water, two parts of cold 


or one of hot water being fufficient to hold it in fo- © 


lution; it cryftallizes by cooling; but the moft 
perfect cryftals are obtained by {pontaneous evapo- 
ration.’ It likewife unites with ice, which it melts, 


producing at the fame time an exceffive degree of — 


cold. It does not aé on the earths,:nor on mag- 
nefia; though this laft, according to Beeman, 
feems to decompofe it after a length of time. 
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If mild fixed vegetable alkali, that 1s alkali com- 
bined with the! carbonic acid gas, is diftilled with 
ammoniacal vitriol, a double decompofition and 
combination take place. The vitriolic acid unites 
with the fixed vegetable alkali, and forms vitriolated 
tartar. The carbonic acid gas being at the fame 
time volatilized, together with /the volatile alkali, 
alfo in a ftate of gas, both unite, and form an am- 
moniacal falt, which cryftallizes in the recipient, 

Ammoniacal vitriol feems not to exift in a flate 


of nature; nor is it ufed either in medicine or the, - 


‘arts. 
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N.LeT/R.OUS. SALT Ss: 


Common Nitre; Phenomena attending its Deflagration with inflate 


mable Subfances.—Natural Hiftory of Nitre.—Cubic Nitre. 


—Union of nitrous Aesd anil Various. Earths mm Nitrous Am- 
moniac. 


OMMON NITRE, or nitrat sae pot-ath *, 


_A confifts of the végetabie alkali and nitrous 
acid. Nitre was unknown to the ancients ; the fub- 
{tance which they diltingutfhed by that name-was a 


foffil alkali, for we are told by Pliny that it was de- - 


tergent, and ufed in making glafs, It is uncertain 


when nitre was difcovered, but we find it men- 


tioned in the earlieft chemical writers. Nitre melts. 


in a very gentle heat, and in a greater degree of heat 


totally evaporates. Cold water diffolves one-fixth 
of its weight; and hot water about its own weight 


of this fait. Jts cryftals are more regular than - 


thofe of any other falr (being prifms of fix fides) 
haxing very little water in their compofition, and 


Petcéar re not hable to fpontancous evaporation, 


Its moft extraordinary property is its deflagration 
with inflammable fubftances, which happens from 
the cecompofition of its acid, by which a large 
quantity of oxygenous gas is fet at liberty. To the 
production of this air is owing the rapid combut+ 


Commonly known under the name of falt-petre. 
ton 
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Chap. 6.]°  Deflagration of Nitre. RE 


tion of mixtures of nitre and inflammable fub- 
_ ftances, as evinced in * cunpowder. When nitre 
is melted by itfelf, no particular effect takes place; 
but if charcoal is added to it in its melted ftate, de- 
flagration or ‘detonation takes place. . We <are 
therefore not to confider nitre icfelf as an inflamma- 
ble fubftance, but only as affording the pabulum of 
fire. _1f we continue to add charcoal, we find that 
the effec becomes lefs and lefs, till it. entirely 
ceafés. What temains in the crucible is different 
from nitre, it requires more -heat to keep it fluid, 
and upon examining it we find it a pure vegetable 
fixed alkali. . The “charcoal difappears, bereué it 
is converted into carbonic acid gas by being united 
)with oxygen; and the other psa nek part of ni- 
trous acid, the azote, by being deprived of i its Oxy= 
gen, is alio volatilized and difperfed. 

When the deflagration 1s P eidwaibece with fulphur 
inftead of Cavnoaly the confequences are confidera- 
bly different. Luke charcoal indeed, when fulphur 
is added in a certain quantity, it will produce no 
further deflagration; bur when fulphur is ufed, the 
flame is infupportab! e to the eye, and the appearance 
of iaflammation is greater though the noife is lefs. 
{f che refiduum is diffolved ‘in water, it will-rea- 
dily cryftallize, and is found to be vitriolated tartar. 
The reafon chat lefs explofion is produced by ful- 
phur than charcoal is, that the former, when united 
with the oxygen of the nitre, becomes fixed; 
ARIES charcoal united with the fame principle - 


: * The fide: will do well to court what has been faid. i 
refpecting gunpowder in Bool: Li, > ~ wee 
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is converted into gas, and efcapes. with violence: 
The formation of vitriolated tartar is owing to the 
production of vitriolic acid from the fulphur and 
the oxygen, which combines with the fixed vegeta- 
ble alkait. 

The detonation of nitre is a nice teft of the in- 
‘flammability of bodies, as there are many which are 
found to have this property when added to nitre in 


a ftate of fufion, which exhibit no figns of it on or- ' 


dinary occafions. 
Nitre exifts in large quantities in nature, and is 


continually formed in inhabited places; it is found. 


‘In great quantities upon walls which are fheltered 
from the rain; andthe Bifhop of Llandaff collected 
a confiderable portion from the decayed mortar of 
an old barn. | | 

There appear to be three principal citeiahabanetibe 
that promote its formation; the firft is, the: prefence 
of chalk, or any other calcareous earth, as appears 
by its being colle&ed from walls covered with plaf- 
ter, or from the ruins of ancient edifices.. This falt 
is likewife found perfectly pure in chalky earths. 
The Duc dela Rochefoucault obtained it, in the 


proportion of one ounce in the pound, ear’ ie | 


chalk of Roche Guyon. 


The fecond circumftance — for the ib. 


duétion of this falt, is the putrefaction, or fponta- 
neous decompofition of vegetable and animal mat- 
ters. Itis a well known fact, that places which are 
-moiitened with animal liquids, or contain animal 
matters in a {tate of putrefaction, fuch as dunghills, 


ftables, privies, &c. produce much nitre. This’ 
conftant 


\ 
~ Chap. 6.] Nutre-Beds. 33 
- conftant obfervation has been applied to the forra- 
‘tion of artificial nitre-beds. Dry ditches are dug 
and covered with fheds open at the fides; thefe are 
filled with animal fubftances, fuch as_dung, the ex- 
- crements of quadrupeds, or birds, with the remains 
of vegetables. Thefe matters are from time to 
time watered, efpecially with water charged with . 
animal or vegetable matters capable of putrefaction, 
and they are turned up to renew their furfaces from 
time to time. When the putrefaction is in an ad- 
vanced ftage, a fmall portion of the matter is taken 
up and lixiviated, to afcertain whether it contains 
nitre; and when it is found fufficiently charged 
with that falt, the whole is lixiviated. 

The third circumftance, which, in the opinion of 
fome, is fuppofed to favour the production of nitre, is 
the accefs of air; this is the caufe of the formation of 
the nitre found on walls; and for this reafon it is that 
nitre-beds require to be frequently turned over, in 
order that the air may touch them in all points. The 
neceflity of the accefs of air is faid to be ftill more 
evidently fhewn by the nitre contained in chalk, as 
it is never found below a certain depth. When the 

three circumftances here treated of are united, the 
production of falt-petre is very abundant. Nitre-beds 
ought always to be conftructed on thefe principles. 

The theory: of the formation of- nitre has not 
been long known. Glauber, and many other che- 
mifts fince his time, fuppofed nitre to exift ready 
formed in vegetables, from which they imagined it 
to pafs into animal fubftances, and to become dif- 
engaged by putrefaction ; but it was foon perceived, 
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that vegetables do not contain a fufficient quantity 
of nitre to account for what is obtained from nitre- 
beds. M. Thouvenel, whofe differtation en the 
formation of nitre was honoured with the prize of 
the academy; has made many experiments to dif- 
cover its origin: he found, that the nitrous acid is 
formed by the combination of an elaftic fluid, dif- 
engaged from animal matters in a ftate of putrefac- 
tion, and pure air. He has likewife difcovered, 
that the nitrous acid, once formed, combines with 
calcareous earth, when any animal matters are made 
ufe of; and that the remains of vegetables are ufeful 
to afford the fixed alkali, which is the bafe of com- 
mon nitre. But M. Thouvenel did not determine 
the nature of the gas, which is difengaged from 
putrefying animal matters. It is to Mr. Cavendith 
that we are indebted for the proof that it is the fame 
gas, which conftitutes one of the principles of the 
atmofphere, under the name of azote, or phlogifti« 
cated air, or atmofpheric mephitis. His experi- 
ment, wherein the nitrous acid was formed by the 
combination of this gas with vital air, by means of 
the electric fpark, has been already mentioned. 
Cusic Nitrg, or nitrat of foda, confifts of the 
nitrous acid and the fixed mineral alkali. It re- — 
fembles common nitre in all its ftriking qualities ; 
almoft its only difference is the form oft its cryftals, 
which is a paralellopiped. The cryftals adhere fo. ! 
ftrongly, that they are fcarcely ever found diftindt and 
regular. For the deflagration of cubic nitre, charcoal _ 
is moft proper 5 when performed with {piphurs q 
Glauber’s falt is is_produced, | | 
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Cubic nitre has not yet been found in nature, but 
is always produced by art. The fhorteft method » 
is adding nitrous acid to foffil alkali. Its tafte is 
cooling, and rather more bitter than, that of com- 
mon nitre. Fire decompofcs it; but it decrepi- 
tates, and does not fo eafily melt as common nitre 3 
like that falt, however, it gives out vital air during it’s 
decompofition. It is flightly deliquefcent when ex- 
pofed to air. It is more foluble in cold water than 
the common nitre, two parts of water; at the tem- 
perature of fixty degrees, diffolving one of the fale. 
‘It is fcarcely more. foluble in boiling water, and 
therefore cannot be had in regular cryftals, except 
by flow evaporation. 

Siliceous earth combines ‘with the bafe of this 
falt, and difengages the nitrous acid; clay hkewife 
feparates the acid, and affords a refidue in the form 
of frit, which is porous and opake when a {trong 
heat has been applied. Ponderous earth decsinadtes 
this falt, and difengages the mineral alkali. Mag- 
nefia and lime do not fenfibly change it. The 
vegetable fixed alkali has a ftronger affinity 
with its acid than the mineral. This. fact is 
very eafily fhewn. If a heated folution of cubic 
nitre is divided into two ‘parts, and the cautftic .ve- 
petable fixed alkali added to one of them, it will 
afford prifmatic cryftals during its cooling ; no 
cryftals, however, will be obferved in the other 
part, becaufe cubic nitre does not eryftallize id 
mere cooling without evaporation. 

_ The neutral falts hitherto examined produce. no 
| effect whatever on cubic nitre; if thefe falts are 
D 2, diffolved 
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diffolved together in the fame water, they cryftal- 
lize feparately, and each in its ordinary manners 
the nitre and. Glauber’s falt by cooling; the vitrio- 
lated tartar and cubic nitre by evaporation. All 
thefe properties fhew, that cubic nitre Sacre: from 
common nitre. | 
Nitrous AMMonrac, or nitrat of PE is 
compofed of the nitrous acid and volatile alkali. 
It is more foluble and more fufible than the vi- 
triolic ammoniac. When the heat is increafed a 
little above what is neceflary for its fluidity, it is 
converted into copious vapours. Thé degree of heat 
neceflary for its fufion is a little above that of boiling 
water; and if more heat is fuddenly employed, it 
has the fingular property of undergoing deflagra- 
tion, though no inflammable fubftance fhould be 
added to it, and even in a clofe vefiel. This feems to 
depend on the decompofition of the volatile alkali. 
M. Berthollet having expofed ammoniacal nitre 
to the action of heat in a pneumato-chemical 
and diftilling apparatus, and having obferved the 
phenomena of this operation more carefully than” 
chad been-done before, remarks, that it is not a true 
detonation which takes place, but a fudden and 
inftantaneous decompofition, in which part of the 
volatile alkali is entirely deftroyed. The water 
obtained in the receiver contains a {mall part of the 
nitrous acid difengaged in proportion to the quan= 
tity of volatile alkali decompofed 5, and. the Jat- 
ter gives out phlogifticated air or azotic gas.’ - 
The liquid product of this operation being — 


weighed, a greater quantity: of water is found than’ © 
exifted 
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exifted in the ammoniacal nitre; and M. Berthol- 


let thinks that this fuperabundant water is formed 
by the union. of the inflammable gas, which is 
_ one of the principles of the volatile alkali, with 
the vital air of the nitrous acid. The azotic 
gas, or other principle of the volatile alkali, 


which 1s fix times more in quantity than the inflam- 


mable gas, is difengaged and collected under the 
veffels of the pneumatic apparatus, 

This falt diffolves readily in water, and in a very 
large quantity, but it has not fo ftrong an attraction 
for water as to be deliquefcent. It may be decom- 


pofed by the vitriolic acid, or either of the fixed ° 


alkalis. The nitrous ammoniac is contained in the 
juices of fome plants, but it is ufually prepared 
by artificial. combination, 
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Sal Digefivus.—Common Salt—Rock Salt.—Natural Hiftory of” . 


' Salt. —Saltnefs of the Ocean.——Ujes of common Salt in the 
Arts —Sal Ammoniac—Natural Hiftory of Sal Ammoniac. 


HE combinations ofthe muriatic acid with’ 

the alkalis are, 1ft, San DiGEstTivus, or muri- 
at of pot-afh, which has alfo been called the febrifuge 
falt of Sylvius, and is a compofitien of the mu- 
riatic-acid with the fixed vegetable alkali. Its tafte 
is penetrating and bitter; its cryftals cubical, but 
almoft always confufed and irregular. In the 
fire it decrepitates, that is, its cryftals fuddenly 
break and fly in pieces by the rarefaction of the 


‘water which enters into their compofition. If the 


heat is then continued, and fufficiently ftrong, it 
melts, and is volatilized without decompofition. ‘Te 
is not much-altered by expofure to the air; it is 
however flightly deliquefcent.. About three parts 
of cold water are required to hold one part of this 
falt in folution, and hot water does not diffolve a 
oreater quantity. 
' Clay appears to decompofe this falt in part, for 
marine acid is obtained by diftilling it with the clays 
found in the vicinity of Paris, This operation, 
however, in fact affords only a {mall quantity of 
—gcid, and fand feems to have a fimilar effect. Pon- 
| | deroug 
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Chap. 7. ] Sal Digeftivus. sy 
derous earth feizes its acid, and feparates the alkali, 
according to Bergman. Magnefia and lime do not 
at all change it. ‘The vitriolic and nitrous acids 
difengage the muriatic acid with effervefcence. 
This falt is found:in a ftate of nature, but never 
in confiderable quantities; it is found in fea-water, 
and in the water of falt fprings, and it exifts, though 
rarely, in places where nitre’ is found; it is like- 
wife met with in the afhes of vegetables, and in 
animal fluids. It is not employed in the arts, and 
‘its bitter tafte prevents its being ufed for culinary 
purpofes. In moft of its properties, however, it is 
very fimilar to common falt. ‘ 
ad. ‘Common or Marine SaLT is ietivolva of 
the muriatic acid and the mineral fixed alkali, and is 
therefore the muriat of foda of the new nomencla- 
ture. This falt requires a full red heat for its fu- 
fion; foon after this it begins to evaporate in white 
fumes. It has a ftrong attraction for water, fo as 
to deliquefce in a moift air. ~ During evaporation, 


‘the cryftals of this falt form at the top of the. 
folution, contrary to thofe of other falts, which | 


form at the bottom, When the evaporation is 
carried on quickly, it forms into thin irregular 
crufts, and this is the ftate in which we commonly 
have it. When the evaporation is flow, it affumes 
the cubic form, and the fimalleft cryftals are the 
moft regular; but if examined accurately, one of 


their fides will be found a little hollow. The larger 


cryftals have a pyramidal hollow apex, with a 
broad bafe. This is owing to their fuperior fur- 


faces being dry when floating in the water, while 


D4. their 
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their inferior furfaces are moiftened. Hence, as all 


dry bodies have a repulfion for water, and as their. 
inferior furfaces have. a tendency to fink, they are. 


hollowed into little pits on the fuperior furfaces. 
This fait contains little water of cryftallization,: 
and decrepitates in the fire. If frequently diffolved, 
evaporated, and dried, its quantity is more dimi- 
nifhed than that of any other falt. By decompofi- 
tion we obtain either its acid or its alkali. The old 
chemifts ufed to obtain its acid by heat alone, but 
this is troublefome, and requires veflels capable of 
enduring great heat. It is moft readily decom- 
pofed by the vitriolic acid, which has the ftrongett 
attraction for the alkali. The nitrous acid will 


alfo decompofe it, but is more liable than the vi- - 


triolic acid to come over with the. muriatic. 


Some water muft be put into the retort with the 


vitriolic acid, otherwife the muriatic acid will come 
over in fumes fo copioufly as to burft the veffels. 
The quantity of the water fhould be about half that 


of the vitriolic acid; ‘one half of. which fhould be . 


put into the receiver to condenfe the fumes of the 


muriatic acid, and the other half mixed. with, the 


vitriolic to prevent its too fudden aétion, Glau- 
ber’s falt remains after this operation, and this ij re 
the ufual way of preparing it. ‘The way to decom- 
pofe marine falt, fo as to obtain its alkali, is, firft 
to expel the muriatic acid by means of the nitrous ; 


* 


we thus obtain cubic nitre, which muft be defla~ : 


grated to obtain the alkali. A better method, how- 


ever, is to mix a folution of marine fale with cauftic ,; 


yepsrable alkali ; by erapertans muriat of. pot-ath 


‘ ig 
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is obtained, and the remaining water contains the 
mineral alkali, pute and difeneaged. | 

Common falt is the moft ufeful of faline bodies; > 
for though there are fome which refift putrefaction 
equally well, there is none which is fo friendly and 
agreeable to the human ftomach.: Its agreeable qua- 
lities are not indeed confined to man; nee other ani- 
mals indicate a great fondnefs for it. The rock fale, 
or fal gem, though only one form of common falt, 
does not melt fo eafily as the common cryftals. 
The moft remarkable mine of this falt is at Cra- 
cow, in Poland, where there is thought to be fuffi- 
cient to fupply the whole world many thoufand 
years. In this mine there are houfes, chapels, and 
ftreets of rock falt, which, when illuminated, afford 
a beautiful profpect. This falt is alfo -obtained 
from fome fprings. When found-in the-earth it is 
feldom cryftallized in any regular form; it has 
various degrees of whitenefs, and is often found 
coloured; in this latter ftate it is more particularly 
called fal gem, becaufe it often has the appearance 
and tranfparency of gems. 

The ocean differs in faltnefs in different climates. 
It is falter towards the equator than near the poles. 
This feems to arife from the different quantities of 
water which are evaporated, in proportion to thofe 
which fall in rain. One pound of fea water in the 
Baltic yields about a quarter of an ounce of falt; 
near Holland half an ounce; and in the Britith fois 
about two ounces. Boyle has alfo. obferved, that 
in places of great depth the water is falteft at the 
bottom, | « 
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In the voyage made towards the north pole in 


i773 it was found, that the fea-water at the Nore 
‘contained not quite one thirty-fixth of falr; at the 
back of Yarmouth fands, not quite one thirty-fe- 
cond; off Flamborough Head, rather more than 


one twenty-ninth; off Scotland, rather lefs than one. 


twenty- ninth; latitude 74°, at fea, one twenty 
ninth ; latitude 78°, rather lefs than one twenty- 
eighth; latitude 80°, near the ice, not quite one 
thirtieth; latitude 804°, under the ice, not quite one 
twenty-eighth ; latitude 68°. 46, rather more than 
one twenty-eichth; latitude 65, at fea, rather lefs than 
one twenty-eighth. Dr. Hales got only one twenty- 
feventh from water taken up in the Mediterranean, 
and one twenty-ninth from water taken up at the 


Nore. Dr. Rutty fays, he procured one twenty-fifth 


from water taken up in latitude 65; one twenty- 
eighth from water taken up near Dublin; and one 
thirtieth from water taken up at Dungarvan; and 
Dr. Lucas, that he obtained one Went RA from 
water taken up near Harwich. From other obfer- 
vations alfo it has appeared, that water from near 


Teneriff contained about one thirty-fecond of fale, 


and that fome from Saint Jago contained fully one- 
fourth. Further experiments are needed to afcertain 
the faltnefs of the fea in different latitudes with 


precifion. 
The falt commonly ufed for culinary purpofes, 


and known by the name of bay-falt, is obtained: 


from the water of the fea by evaporation. This 
evaporation is in fome places performed by the 
heat of the fun, the water being let into fhallow 


trenches, in order to,expofe as large a furface as 
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poffible. ‘This method is practifed in the fouthern, 
provinces of F rance, and ona very large fcale near 
Aveiro in Portugal. In the ieee provinces, 
where the heat of the fun is not fufficiently great, 
artificial fires are employed. In fome falt-works 
thefe two methods are united; and in Eneland, 
and countries where falt rock is plentiful, that fub- 
ftance is diffolved in falt water, and then evapo- 
rated*, In very cold countries another method 

| | | is 

* «A oreat quantity of rock falt is ufed at Northwich, in 
order to: {ftrengthen their brine fprings, and a much greater 
quantity is fent coaftwife to Liverpool, and other places, 
where it is ufed either for ftrengthening brine fprings or’ 
fea water; much of this rock falt was formerly exported to 
- Holland, and it is ftill fent to Ireland for the fame purpofe, 
Rock falt, and the white falt which is at Northwich, chiefly 
made from rock lalt, is exported free from the falt duty ; and 
I was informed, that the quantity, which is annually export- 
ed from Northwich, is fo great, that if it paid the duty, it 
would bring in to government, a {um not much fhort of four 
hundred thoufand pounds a year. “ According to the beft 
accounts I have been able to procure, the grofs duty on {alt 
made in South Britain,. amounts annually to feven hundred 
thoufand pounds(a).” The duty on falt made at Northwich 
is about feventy thoufand pounds a year, or a tenth part of 
che whole duty(4). 

« The Northwich rock falt is never ufed at our paiee in its 
crude ftate; and its application to the pickling or curing 
of fieth or fith, or preferving any provifions, without its being 
previoufly refined into white falt, that is, without its being. 
diflolyved in water, and boiled down into what is called 
white falt, is prohibited under a penalty of 405. for every 


(a) Camp, Sur. of Brit. Vol, II. p. 26.” 

(4) Since I received this information, an additional duty 
of 10 4. a bufhel has been laid, in 1780, on falt. The wiole 
duty now amounts to 4s. 2d. a bufhel, the buthel weighing 
56 1b. The makers of falt can afford, in moft places, to fell 
their falt, exclufive of duty, from 8 @. to lod.a buthel. 
pound 
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“is employed to feparate the falt from fea-water. 
ee water is expofed in trenches on the fea-thore, 


where _ 


~ 


pound of rock falt fo applied. "The pure tranfparent mafles, | 
however, of rock falt, might, probably, be ufed by us with our 
, food, without any fort of danger or inconvenience ; at leaft, 


we know. that rock falt is fo ufed, without being refined,~ 


both in Poland and in Spain. In the lait of thefe countries, 


at Cordova in the province of Catalonia, there is.a folid’ 
mountain of rock falt, between four and five hundred feet in © 


height, and a league in circuit ; its depth below the furface 
of the earth is not known(c). This prodigious mountain of 
falt, which has no mixture of other matter with it, is efteemed j 


fo fingular an appearance, that it is thought to militate very 


much againft the opinion of thofe, who would derive the 
. origin ofall the beds of rock falt, which are found under the 
furface of the earth, from the evaporation of falt water, left 
in fubterraneous caverns, either at the deluge, or upon fome 
more local commotions of the globe. 

‘The quantity of rock falt which may be diffolved in a defi- 
nite quantity, fuppofe a pint or 16 avoirdupoife ounces of 
water, 1s differently eftimated by different authors. Boerhaave 
is of opinion that 16 ounces of water will not diflolve quite 5 


ounces of rock falt (¢); Spielmann thinks that they will dif. 
folve-62 ounces{); Newmann agrees with Spiclmann(/); Eller 


lays, that 7 ounces of foflile falt may be diffolved in 16 ounces _ 
of water (g); laftly, Hoffmann affures us, that 16 ounces of 


water will not diflolve above 6 ounces of common falt (4), Ir 


(c) Hitt. Nat. de iY Efpag. p. 406. bai, Bs an account of fimi- 
lar mountains of rock falt, in Shaw’ s Travels, p- 229, and in 
Pliny’s Hift. Nat. 1. xxxi. ¢. 7. 

(2) Chem. vol. I. p. 476. 

{e) Init. Chem. p. 48. ae 

(f) Newmann’s Chem. by Lewis, P- 256. . 

(¢) Obf. Phy. Chem. L. it, Ob. xvi, a 

(4) Ber. Mem. 1750. 
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where it forms fo thin a ftratum, that the cold of the 
atmofphere acts’ powerfully in congealing it. As 
og | the 


have tried this matter with diftilled and with common water; 
and in various degrees of heat, and cannot but be of opinion, 
_ that Hoffmann’s experiment approaches neareft to the truth; I 
never could diffolve guite 6 ounces of rock falt in 16 ounces 
of water. It is not wholly improbable, that different forts 
of rock falt may differ fomewhat with refpect to their folubi- 
lity in water. 

If it be admitted, that 16 ounces of water can diffolve 
6 ounces of falt and no more, then we may be certain, that 
no brine fpring, in any part of the world, can yield 6 ounces | 
of falt from a pintof thebrine. For brine {prings are, ordi 
narily, nothing but water in which foffile falt has been dif. 
folved; but a pint of the ftrongeft brine cannot contain fo 
much falt as is contained in a pint of water, which has been 
faturated with 6 ounces of falt; fora pint of water, in which 
6 ounces of falt have been diffolved, is increafed a little in 
bulk, it will do more than fill a pint meafure, and the falt 
left in the furplus will fhew, how much the falt, contained in a 
pint of the ftrongeft brine, falls fhort of 6 ounces. Ox, we 
may confider the matter in the following manner, which 
will, perhaps, be more intelligible; 16 ounces of water, ime 
pregnated with 6 ounces of falt, conftitute a faturated brine, 
Weighing 22 ounces; if therefore we would know how much 
falt is contained in 16 ounces of fuch brine, by the rule of 
proportion we may argue, that if 22 ounces of brine con- 
tain 6 ounces of falt, 16 ounces of brine will contain 4. 
ounces of falt. Hence we may infer, that the ftrongett brine 
{prings will not yield much above one quarter of their weight 
a falt (2). ' . 
: ik: 3 “ | ayers 


@) — Several pits at Northwich, and at Barton ia 
LLancahire, contain no lefs than fix ounces of falt upon fix- 
teen of brine, which is as large a proportion of falt as water 
will diffolve. itis Chem. pe 2125 Lewis’s note. —= The 
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~ the frozen part confifts of mere water, the fluid. 
which remains is confequently more CONRC RI Aras 


The ° 


«Dr. Leigh, who firft fhewed the manner of refining rock falt, 
informs us, that fome of the ftrongeft fprings at Northwich, 
gave feven or eight ounces of falt froma quart of brine; but 
a quart of brine weighs confiderably more than 32 ounces, 
the weight of a quart of water; fo that the Northwich, 
{prings, from this account, do not yield a quarter of their 


weight. At Middlewich there is faid to be one falt fpring, - 


which is ftronger than the’ reft, this fpring yields a full fourth 
part of falt (4), and hence it is, ‘probably, fully faturated. 
We have an account in Kircher’s works, of fome famous 
brine fprings in Burgundy, from which we learn, that one 
hundred pounds weight of the ftrongeft brine, gave twenty- 
five pounds, or juft one fourth of its weight of white falt (/). 
«There are a great many brine fprings in Chefhire, Wor- 
cefterfhire, Staffordfhire, Hampfhire, and in other.parts of 
Great Britain, fome of which are fufficiently rich in falt to be 
wrought with profit, others not. From what has been be- 
fore advanced, the reader will readily comprehend that fix- 


teen tons of the ftrongeft brine confik of twelve tons of wa= 


ter, and of four tons of falt; and that, in order to obtain 
thefe four tons of falt, the twelve tons of water muft be, by 
fome means or other, evaporated, fo as to leave the falt in a 
concrete form. Suppofe there fhould be a brine, which in 
fixteen tons fhould contain fifteen tons of water, and only 
one ton of falt; yet it may chance, that fuch a weak brine 
may be wrought with more profit than. the ftrongeft; for the 
profit arifing from the boiling of brine into falt,; depends as 
hiapieenpinlacete’ pita ale ak gk 
author here is fallen, probably, into a little miftake, by con- 
founding a pound of water with a pound of brine; for if a 
pound or 16 ounces of water will only diflolve 6 ounces of 
falt, a pound of the brine, thus iene will only hold Ax 
ounces of falt. 
(4) Philof. Tranf, Ne 533 
i) Here, Mun. Sub. Tom, II, Cap. XL. | 
much 
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The operation is then completed by means of arti~ 
ficial heat. | | 

_ Pure clay has very little action on marine falt. 

Ponderous earth decompofes it, but lime and mag- 

nefia produce no effect. Conon falt is ufed to 

vitrify the furface of fome kinds of pottery. This 

is done by throwing a certain quantity of it into 

the furnace, where it is volatilized, and applies itfelf 
to the furface of the pottery. This is the kind of 

glazing ufed in the making of white Englifh pot- 

tery. Common falt is alfo ufed in making glafs, 

to render the glafs whiter and clearer. It is alfo 
employed as a flux to facilitate the precipitation of 


much upon the price of the fuel ufed in boiling it, as upon the 
quantity of falt which it yields. Thus the fea water, which fur- 
_ rounds thecoafts of Great Britain, is faid to hold feldom more 
than one thirtieth, or lefs than one fiftieth part of common falt; 
but fuel is fo cheap at Newcaftle, that they can evaperate thirty 
er forty tons of water, inorder to obtain one ton of falt, and 
yet gain as much clear profit as thofe do, who, in counties 
ef favourably fituated for fuel, boil down the ftrongeft 
brine. 

‘ The advantage refulting from ftrengthening weak brine or 
fea water, by means of rock falt, is very obvious. Suppofe 
that the fea water at Liverpool, where large quantities of 
wock falt are refined, would yield one ton of {alt from forty- 
eight tons of water, then muft a quantity of fuel fafficient to 
evaporate. forty-feven tons of water be ufed in order to ob- 
“tain one ton of falt. But if as much rock falt be put into the 
forty-eight tons of fea water, as can be diflolved in it, then 
will the fea water refemble a brine fully faturated, each fix- 
teen tons of which will give four tons of falt, and the whole 
quantity yielded by the evaporation of forty-fevem tons of 
water, will he twelve tons of falt.’ 

Watfon’s Chem. Eff vol. I. p. At. 
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metals vs the (eb iies and to prevent their calci+ 


nation from the contact of the atmofphere. 


‘3d. Common Sat AmMontac is the muriat of 


ammoniac of the French chemitts, and confitts of the 


muuriatic acid united to the volatile aikali. This . 
falt is converted into vapour before it melts, but 


_ may be brought into fufion by being combined 
with other fubftances, or even uncombined, if pro= 
perly confined. When thrown into the fire, it in- 
creafes the flame, and tinges it with a blue colour, 
efpecially the flame of charcoal. When the air is 


very moift, this falt deliquefces. It is very- re-— 


_markable for producing a great degree of nig 
when mixed with water. 

If we with to obtain the acid of fal ammoniac, 
" we may expel it by means of the vitriolic acid, but 
the fumes cannot be condenfed without great dif. 
ficulty. For obtaining its alkali, the chemifts gene- 
rally employ the vegetable, as it isthe cheapeft, The 
quantity of vegetable alkali ufed is generally equal, 


but perhaps ought a little to exceed, that of the fal — 


ammoniac ; the water is in general equalin weight 
to the alkali, and a volatile alkali fufficiently ftrong 
is obtained. ‘The product is different, according to 
the mildnefs or caufticity of the fixed alkali. When 
a mild fixed alkali is uled, fo much volatile alkali 


rifes, that Du Hamel and others thought part of — 


the fixed alkali was volatilized, and rofe along with 
it, This however is found to be owing to the car- 
-bonic acid, which made part of the weight of the 
fixed alkali, being transferred to the volatile al 
kali. SPs 
. , The 


initiates 
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The fal ammoniac of commerce is in the form 
of cakes. It is prepared at Cairo from the foot 
of camels dung; which is burned there inftead of 
wood, This foot is put into round bottles a foot 
and a half in diameter, terminated by a neck two 
inches high ; each bottle contains about forty pounds 
of this foot, and affords nearly fix pounds of the 
fal. Thefe veffels are expofed to the heat of a 
furnace which aéts on their bottom, while the 
upper part, being cooler, fuffers the falt to be con- 
denfed there. When the operation, whith occu- 
pies three days, is finifhed, the bottles are broken 
and the falt taken out; it receives the form of the 
upper part of the fubliming veflel, and the cakes 
are therefore convex and unequal, with a protu- 
berance on one fide from the neck of the fublim- 
ing veffel. , 

Pomet has defcribed a kind of fal ammoniac in 
Joaves, fimilar to thofe of fugar with the point cut 
Of, and which are imported into France by the 
way of Holland. This kind is made in the Eatt 
Indies. ‘Sal ammoniac is, however, now made in 
large quantities in Britain. The volatile allali is 
obtained in an impure liquid ftate from foot, or 
bones, or any other fubftance which affords it; to 
this.the vitriolic acid is added; and the vitriolic 
‘ammoniac thts produced is decompofed by com- 
mon falt, by a double affinity, or elective attrac- 
tion; the vitriolic acid cémbining with the mi- 
neral alkali, and the marine’ acid with the 
volatile alkali. The liquor therefore contains 
Glauber’s falt and fal ammoniac, which are 
-feparated by cryftallization; and the fal ammo- 
With. tks. niac 
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niac is fublimed into cakes for fale. Lord Dun- 
donald extracts volatile alkali from pit-coal; but- 


whether it can be~afforded cheaper for the general 
purpofes of commerce, than that of the above 
procefs, 1s not, I-believe, yet afcertained.* ’ 


The tafte of fal ammoniac is penetrating, acrid,’ 


and urinous. The form of its cryftals is a hexahe- 
dral pyramid. — Cubical cryftals are fometimes, 
though rarely, formed in the middle of the concave 


and hollow parts of the loaves which are produced’ 


by fublimation. — > 


This falt poffeffes a fingular property, namely, 
a kind of duétility, fo- that it rebounds under the 


hammer, and may be bended; a cireumftance - 


which renders it difficult to pulverife it.. 3 

Sal ammoniac is not decompofed: by clay, and 
by magnefia very imperfectly. Lime, and likewife 
ponderous earth, feparate the volatile alkali, even 
without the affiftance of heat. If fal ammoniac is 


triturated with quick-lime, the ftrong fell of al~ 


kaline gas is immediately perceived. 


* Fourcroy’s Chemiftry. Note of the Tranflatore. 
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COMBINATIONS OF THE OTHER MINERAL ACIDS: 
| 
Sire Tartar. —Sparry Soda—Borax; its Properties its Up 
| in the Arts.—-Combinations of Salts with Metals. 


ATHLE combinations of the rea mineral acids 

with the alkalies; have in general been very 
imperfectly examined, and I fhall therefore be very 
brief in treating of them. 

The sparky TARTAR, Or fluac of pot- -ath of the 
French chemiits, is compofed of the acid of {par 
united to the vegetable alkali. It 3 iS always i In a . 
gelatinous form, and has fo {trong an attraction for 
water, that-it cannot be sryitallized. According 
to Scheele, it is acrid; cauftic, and deliquefeent, 
when dried and melted; he compares it in this ftate 
to the liquor of flints. It appears; that the fire 
difengages the fparry acid, and that the filiceous 
earth taken up by the acid melts into a foluble 
earth by means of the fixed alkali. This fale has 
not been applied to any ufe. Of the fparry foda 
ftill lefs is known; and the fame my be affirmed 
of.the fparry ammoniac. | 

The combinations of the acid of hn ax have not 
attracted much more attention, except the fubftance 
from which this acid derives its name. Borax, the 
borat of foda of M. Lavoifier, is compofed of a 
peculiar acid united to the mineral alkalio. Fhe 

E2 form 
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form in which it is expofed to fale is that of cryf- 
tals, very tranfparent, and containing a large pro- 
portion of water. When a {mall quantity of borax 
is heated fo as to diffolve in its own water, it boils 
in a white foam; and when the water is diffipated, 
the falt is found to have loft much of its weight. 
By increafe of heat, it undergoes a proper fufion, 
and aflumes the appearance of glafs; but is diftin- 
guifhed from that fubftance, by diffolving and 
eryftallizine again. 

Borax may be decompofed by means of tie 4 mu 
riatic acid. It appears furprizing, but the fact is 
certain, that a quantity of acid oe borax, though 
fo weak an acid in its more obvious proper- 
ties, will diflodge, when heat is applied, both the 
nitrous and muriatic acids, and unite itfelf to their 
alkali. The reafon feems to be, that the attraction 
of different fubftances for the fame body is diffe- 
tent in different degrees of heat. ‘This again is to 
be attributed to a double eleétive attraction, in con- 
‘fequence of the addition of the matter of heat,, The 
‘eohefion of the nitrous and muriatic acids to their 
bafe, is fo much weakened by their affinity with 


heat, or in other words, their tendency to affume. . 


the gaffeous form, that the attraction of the boracic 
acid, which is more ‘fixed, ‘becomes ry pal dnd 
difplaces them. 

Borax, as imported from the Eaft Indies, is very 


impure. When purified, it has a very regular 
form.’ Its cryftals are fix-fided prifms, two of the. © 


fides being commonly larger than the others, ter- 
tinated by trihedral pyramids. Its _cryftallization 


be 
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is, however, fubject to confiderable varieties. It — 
is ftyptic, and aéts ftrongly on the tongue, and like 
alkalies it converts the fyrup of violets to a green. 
Borax, expofed to the air, lofes a fmall part of its , 
water of cryftallization, and flightly efflorefces. It 
is foluble in twelve parts of cold and fix of hot 
water. Its. cryftals may therefore be obtained by 
cooling; but the fineft and moft regular are formed 
by fuffering the cold faturated folution to evaporate 
{pontaneoufly in the ordinary temperature of the 
atmofphere. 

Borax is exceedingly ufeful in many manufac- 
tures. Itis employed as an excellent flux in the art 
of glafs-making, \as well as in affays. It is advan- 
tageoufly employed in foldering, which it affifts 
by promoting the fufion of the folder, by. foften- 
ing the furfaces of the metals, and by defending 
vines from the action of the air. 

Very little is known of the combinations of the 
acid of borax with the vegetable and vola tile alka- 
lies. 

The phofphoric acid, and the acid of amber, are 
capable of combination with the alkalies; but the 
refults of thefe combinations are fo little known, 
that I fhall pafs them over in filence, and _haften 
to the confideration \of the earthy and ftony fub-~ 
{tances. 

Some faline, earthy, and metallic fubftances, have 
fuch a relation to each other, that, they are fepa- 
rated with great difficulty, and adhere after repeated 
folutions and cryftallizations. This circumftance 
has given rife to another divifion of falts, which 
ba WB | are 


ta Triple Salts. [Book VI, 
are denominated triple. As they do not, however, 
appear of fufficient confgquence to be treated of 
under a feparate fection, I fhall merely enumerate. 
them at the conclufion of the prefent. The moft — 
remarkable examples of this kind are, mineral al~~ 
kali with calcareous earth; common falt with mag- 
nefia; vitriolated maenefia ~with iron; alum with. 
iron; viriolated copper with iron} vitriolated cop- | 
per with iron and zinc;- vitriolated iron) with 
copper; vitriolated iron with zinc ; vitriolated iron, 
with nickel, 
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‘Cra eooTx 
FARTHS IN GENERAL. 


Five Kinds-of Earth —Définition of Earths.—-Exceptions.m | 
Other. general Properties of Earths.—Calcareous Earth 
Magiefia-—B arytesmClay mF lint. 


T is now generally agreed among chemifts and 

_ mineralogifts, that all the earthy and ftony fub- 
dtances which compofe the folid parts of this glebe, 
are ultimately refolvable into five {imple and ori- 
ginal kinds of earth; namely, lime or calcareous 
earth, magnefia, barytes or ponderous earth, argill 
or clay, and filica or flint*. Thefe fubftances 
agree in the folowing properties, which may be 
confidered as the characteriftics of all-earthy fub- 
ftances. They are nearly infoluble ia water, are - 
aninflammable, have rot the metailic fplendour, 
and their fpecific gravity, compared with that of 
water, is not more than five to one. This defini- 
tion, however, like that of falts, is not fo precife as 
to be beyond the reach of criticilm; becaufe there 
are fome earths perfectly foluble in water, though 
‘but in fmail proportions, and there are many in the 
internal parts of the earth which afford the ftrongeft 


* It has lately been fuppofed, that there exift feveral other 
diftiné kinds of earth belonging to particular foffils, This 
nay very probably be the cafe ; but experiments have not yet 
‘been fulficiently multiplied to eftablith the fact, 

, E 4. | evidence 


| 
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evidence that they have been in a ftate of folution,’ 


But the definition, though not ftrictly accurate, is 
proper in a general Gant, There is great diffe- 
rence of folubility between earths and falts, for a 


few grains of earth are fufficient to faturate * a_ 
Jarge quantity of water. There are two other cir-_ 
cumftances not included in the definition, which | 


make part of the idea of an earthy fubftance; 1ft, 
a great degree of fixednefs; 2dly, a difpofition to 
form a laity concretion when melted with other 
fubftances.. 4. 

Lime, properly ‘ called, is obtained by viapels 
ling the carbonic. acid from calcareous fubftances 
by means of heat.. Calcareous earth is in a tole- 
rably pure ftate in common quick-lime; but if it 
is required perfeétly free from foreign admixture, 
it may be obtained by the following procefs: If 
pounded chalk is feveral times boiled in diftilled 
water, the remainder will confift almoft entirely of 
calcareous earth, combined with the carbonic acid. 
If diftilled vinegar is added to the powder thus ob- 
tained, it will form a. faline combination with the 


lime only, to the exclufion of all extraneous matter, © 
To a folution of this, decanted from the impuri- 


ties, mild volatile alkali being added, the alkali will 
unite with the vinegar, while the caleareous earth 


feizes the carbonic acid of the alkali, and falls to the. 


bottom in the ftate of a perfectly pure chalk. The 


carbonic acid may be driven off by heat, and cal-. 4 


* See note +, p. 1. : 
earequs 
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careous earth is thus obtained in its moft fimple 
ftate. 

The relative prs of quick-lime to that of 
flaked lime is as 1,000 to 1,287.. Every pound 
can imbibe four ounces four drams and fifty ~ three 
grains of water. 

Calcareous earth is foluble in the nitrous and 
muriatic acids, and forms deliquefcent falts. It is 
precipitated from its folutions by means of vitriolic 
acid, with which it forms a nearly infoluble com- 
‘pound, called felenite, (or plaifter of Paris.) Pure 
calcareous earth, or lime, is foluble in a {mall pro- 
portion in water, with which it contracts great heat, 
It is infufible without addition. It attracts the car- 
bonic acid from the fixed alkalies, and by: itfelf 
becoming mild renders them cauftic. Its fpecific 
gravity 1s 2,723. 

Magnefia does not burn into a anus fubftance 
like quick-lime, though it is deprived of its cars 
bonic acid by the application of heat. It 1s foluble 
in feveral acids, and forms with the yitriolic the fa] 
catharticus amarus, or Epfom falt. When mixed 
with water, it fhews a very fmall degree of heat, 
but without any effervefcence. It requires 7,692 
times its weight of water for its folution. It is not 
precipitated from other acids by the vitriolic, as 
calcareous earth is. Its fpecific gravity is 2,155. 

Barytes is by far the moft ponderous of the 
earths, from which circumftance it derives its 
name. 


2 With 


$8 | » Ponderous Earth. [Book Vi, 


With vitriolic acid it forms the ponderous {par, 


which is infoluble in water; and its combinations. 


with the nitrous and muriatic acids are:alfo not ~ 


very foluble, buc with the acetous acid (or vine- 
gar) it becomes deliquefcent... Combined with — 
carbonic acid, it is foluble in 15 50 times its weight - 


of water, when pure in gco times. The loashetyinas | 


of barytes naturally combined with carbonic acia 
are rare; it is more commonly found united with - 
the vitriolic acid. From this the earth may be fe- 
parated by the following procefs: Pound the pon- 


derous fpar, and mix it with twice its weight of — 
fixed alkali; expofe this mixture to a ftrong red - 
heat for about two hours. .The acid quits the 


earth to unite with the alkali, forming a neutral 
falt, which may be. wafhed away.. The earth re- 
mains combined with carbonic acid, which may be 
difpelled by heat... The ipgoite gravity, of this 
earth, when pure, 1s 3,773. 

Argill, or clay,.is foluble in the vitriolic, nibiciiel 


and muriatic acids, and forms alum with the firft of a 


thefe. If concrete volatile alkali* 1s added to a 


folution of pure alum, the alkali and acid unite, 5 


while the clay falls to the bottom, united with only 
a fmall quantity of fixed air, The fluid muft be 


abftra€ted by decantation, and the precipitate wafh-_ 
ed with diftilled water, and dried... Pure clay does: 
not become cauftic by burning,* but 1s contracted - 


in fize, and becomes very hard. The {pécific grap 
vity of this earth is only 1,669. | tes 


* The volatile falts in a folid ftate. 


The 


peta acta a A ae ita age ee ES erin 


_ Chap. 9.] Clay. 59 

The principal natural fpecimens. of argillaceous 
earth are boles, clays, marles, lates, and mica. In 
none of thefe, however, except the flag-ftone, does 
the argill amount to half the weight of the whole 
fubftance. Silica abounds very much in common | 
clays. Baked clays conftitute all the varieties of 
bricks, pottery, and porcelain. If baked in a 
{trong heat, they give fire with fleel. | 

‘Silica, or jlint, 1s foluble in only one of the acids, 
the fluoric. In its indurated ftate, it is always 
fufficiently hard to fcratch and ftrike fire with fteel. 
After being burnt, it does not fall to powder as the 
calcareous earth does. -It produces no effervefcence 
withacids. It may be diffolved by the fixed alkalies, 
both in the dry and wet way. When alkali and 
flint are expofed to the heat of a glafs-houfe furnace, 
if the alkali is only half the weight of thé filica, it 
produces a diaphanous and hard glafs, but when 
the alkali is in double or triple the proportion, the 
glafs deliquetces of itfelf, by attracting the humi- 
dity of the atmofphere; and forms what is called 
liquor of flints. ‘This earth is perfeétly diffolved 
in that wonderful boiling water-fpout, above fixty 
feet high, at Geylfer in Iceland, where by cooling 
it forms a hard filiceous mafs. Pure filiceous earth 
is obtained by fufine * clear quartz with four times 
its weight of fixed. alkali, diffolving the whole tn 
diftilled water, and precipitating the earth by an 
acid. Its fpecific gravity is 2,650. 


* Melting by heat. 
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M. Bergman has formed perfect filiceous cryf- 


tals by diffolving filiceous earth in the fparry acid, — 
and fuffering it to cryftallize lowly. It is probable 


that nature forms them in a long courfe of time - 


from a folution or diffufion of this earth in water. 


Though the fimple earths are all infufible alone, — 


yet they may readily be fufed by mixture with each ° 
ether. The calcareous earth is found to act as a 
menftruum in diffolving the other earths by heat; 


-and when it has once aéted on any earth, a coms 
pouhd menftruum is formed, which atts ftill more 
efficacioufly in diffolving other earths. Hence it is, 
that any three of the fimple earths may be fufed 
into glafs, provided calcareous earth is one of the 
number. | 


Thus far it appeared neceffary to premife con- | 


cerning the general properties of the five fimple 
earths in their feparate ftate; but as their com+ 
binations are various, and their ufes in this laft ftate. 


very eid piaoel it will be proper to treat of each on | 
a more ae feale than the limits ope fingle chap- 3 


rer would admit. 


4 
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Ce Re ON 
CALCAREOUS EARTHS. 


Chalk. —Lime/fone.—Marble.—Marle—Calecyeous | Spar.—Ices 
land Cryftals.—PetrifaGions.—Parts of Animals found ia 
Marle,’3c.—Gypfoms.—Great Varieties. —Alabafter.—F ibrous 
Stowe.—Mineral Glafs.—Selenite.—Gypfeous Spar.—Plaifter 
of Paris; how prepared—Fufible or Derbyfbire Spar.—Spars, 
bow formed —Beautiful Appearances in different Caverns.— 
Metallic Combinations with calcareous Earth. 


ALCAREOUS earth is fometimes found 
in the form of powder, but more frequently 
in that of a concreté fubftance called chalk, which 
differs with refpect to the gfinenefs of its particles 
and firmnefs of texture. | 
1. Chalk confifts: of calcareous earth or lime, 
united with carbonic acid, and an union of the fame 
principles alfo conftitutes limeftone and marble. 
Thefe fubftances only differ from common chalk in 
their degree of purity, or in the manner of their 
agoregation, admitting of more or lefs polifh. The 
different coloured veins in marble are produced by 
the admixture of other fubftances, (moft commonly 
iron) unequally diftributed through the mals. 

2. Strata of marle alfo contain calcareous earth, 
more or lefs blended with a confiderable propor- 
| tion of clay and fand. 
| 3. Calcareous earth is often found projecting 
| into the interfticeg and crevices of rocks in a cryf- 
| | tallized 


~*~ 
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tallized ftate, and is then called calcareous {par 
It.is more or lefs tranfparent, and fhivers into flat 
fragments of a rhomboidal figure. One variety is 
plied. Iceland cryftals. They “engaged, the attention 
of Sir [aac Neéwton, by their Pecnare quality 


of refracting the rays of light without feparating. 


them into colours, fo as to snake a line drawn en 
paper appear double; when viewed through them. 
The Englifh lead-mines are full of Stl their 


fhape is in general a firni column; terminated at 


each end with a pyramid. Of thele calcaréous 
fpars there are many varieties. 


4. Calcareous earth appears in the res of ani- 


mal and vegetable fubftances, petrified into ftone 


by being expofed to petrifying waters. Thefe fill 


up the pores of the fubftance with calcareous earth, 
and incruft them. Hence we may conclude, that 
this earth is foluble“in water, and is. depofited 
in certain circumftances, ‘The quantity ‘of earth, 
however, contained in the water is very {fmall, and 

therefore the petrifactions are, formed flowly. 
‘Thet organic bodies which _ refift putrefaction 


moft, are frequently found petrified, fuch as bones; 


fhells, and the harder kinds of wood; on the con- 


trary, the foft parts of ,animals, which are very 


fubject to putrify, are fearcely ever found petrified. 
Mr. Kirwan remarks, that petrifa@tions are mott 


commonly found in ftrata ie: marie, chalk, lime- _ 


ftone, or clay; feldom in fand- ftone, fill, more 
-Yarely in gypfum, but, never in encifs, granite, 
_bafaltes or fhoerl; ‘they, fometimes occur. among 
pyrites and ores of iron, copper, and filyer, and 

almoft 


oe 
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almoft always confift of the fpecies of earth, ftone, _ 
‘or other mineral, which immedrately furrounds 
them.  Thofe of fhells are generally found neareft 
the furface of the earth, thofe of fifh deeper,. and 
sthefe of wood deepeft. A very remarkable cir- 
cumftance is, that petrifactions are found in cli- 
mates where their originals could not have exited. 
From the gradual and infenfible concretion of this 
kind of matter from dropping waters, are formed 
the large pendulous columns hanging like icicles 
from the roofs and fides of caves. The moft re- 
markable are in the Peak of Derbyfhire. Some- 
times they are found in the arches of old bridges, 
and arife from the water oozing through and 
carrying particles of lime with it. This earth fo 
-eoncreted is called ftalactites, ftone-icicles, or 
drop-i{tone. | 
s. The fhells of all cruftaceous animals, from 
the coarfeft to the pearl which lines the thell of 
the oyfter, are all mace up of this calcareous earth, 
with a {mall quantity of animal gluten. Egg-thells 
are of the fame nature, and site marine bodies 
which, from their har rdnefs and vegetable appear- 
ance, are called ftony plants, fuels as are all the 
fpecies of coral, &c. | 
Marles, which have been already mentioned as 
containing calcareous earth, are generally divided 
into three kinds. Firft, thell-mazrle ; fecond, clay- 
marle; third, ftone-marle. The firft is found in beds 
of confiderable extent, and confifts of the remains of 
fea and land fhells; that which contains the fea. _ 
fhells is commonly found in the-greateft quantity. 


4 Of 
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Of this kind is that of Paris, mentioned by M: 
Reaumur, which is about ten feet deep, and of 
great extent, confifting of oyfter and othey fea 
fhells. Fhe relics of land’ thells are thofe of 
fnails; they have probably been carried by the 
current of fome water, and depofited at one place, 
and the water being drained off, the fhells temain- 
ed behind. Beds of frefh-water fhells are alfo 


found. Clay-marle is a calcareous matter, which . 


when expofed to the air crumbles to duft; it is to 
be diftinguifhed from common clay, by effervef= 
cing with acids, from the caleareous earth it con- 
tains. Stone-marle differs from clay-marle only in 
being much harder; but it differs from ordinary ftone 
by breaking to pieces when expofed to the air.. 


It has been fuppofed by fome refpeétable wri- 
ters, that all thefe fpecies of calcareous earth derive - 


their origin from fhells. Some marbles are evi- 
dently formed of fhells, and thofe of Derbyshire 
exhibit this appearance in a remarkable manner. 


Coral is univerfally allowed to be the work of 


fmal] animals of the polypus kind. The fttata of 
limeftone being alfo found fo frequently united with 
fhells and other marine fubftances, has induced the 


philofophers to whom I allude to believe; that sy 


the ftone itfelf is altogether compofed of thells, 
which at firft mouldered into pafte, and were after- 
wards prefied and concreted together. In one of 
the quarries of Italy, the bones of final ‘fithes are 
found; and fome rocks in the midland counties of 
England are almoft wholly compofed of the kind of 
fhelis called entrochi. . The animals which produce 


the coral are here feldom to be foundy but in other — 


parts, 


a ia 


a 
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patts, -as in Jamaica, the bottom of the fea is en- 
tirely covered over with coral, and harbours are 
fometimes ftepped up with it. Sir Hans Sloane 
mentions a Spanifh plate-fhip, which was wrecked, 
and remained at the bottom of the fea twenty-five 
years, being then fithed for, the treafure, as well 
as the timber, &¢c. were covered with coraline con- 
cretions. FHience, this conftant growth at the bot- 
tom of the fea may in time produce beds and ftrata. 
of this kind of earth, which, according to circum- 
ftances, may be converted into marle, limeftone, 
marble, &c. Calcareous earths, united with car-_ 
bonic acid, may. be. known under all forms, by 
effervefcence with the mineral acids. 

6. If vitriolic acid is poured on chalk, the carbo- 
nic acid is expelled, while the vitriolic unites with 
the calcareous earth, and conftitutes a fubftance. 
which has very little folubility. This is eypsum, 
felenite, or plaifter of Paris, which exifts in confi- — 
derable quantities in nature. Gypiums are found 
in folid mafies, very foft, and eaiily fcraped with a 


knife. They are diftinguifhed from the combina- 


tions of calcareous earth with carbonic acid, by not 
effervefcing with acids; and from. other earthy 
bodies, by being by heat changed into a white 
* powder, which when mixed with a large propor- 
tion of water, fuddenly concretes into a {tony mafs, 
They are moft commonly found in the ftrata of 
clay, fometimes in thofe of fand,. under the appear- 
ance of a whitifh coloured mafs, but the imali pieces 
are tranfparent, and fometimes have a red tinge. 
They are often compofed of {mall fhining par- 
Vou, IT. F 5 ticles, 
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ticles, like the grains of fagar, and when under this 
appearance they are particularly called gypfum. 
When hard, fo as to admit of being cut into toys 
and figures, they are called alabafter. The fecond 
form under which they are found, is that of a fibrous © 
ftruéture of oblique cryftals, which are parallel to — 
themfelves, but which crofs. the mals from the 
upper to the under furface. In this ftate they are 
called fibrarize or fibrous ftone by Dr. Hill. Thefe 
differ much in fize and regularity of concretion. 
The third {pecies is compofed of clear tranfparent 
plates like glafs, in clofe contact with each other, 
but which may be feparated. They fplit with a 
knife into fine plates, very flexible, though they 
cannot be bent without producing flaws. They are 
called glacies marina, and fometimes. Mufcovy 
glafs, but improperly, as that is a different fub- 

ftance. - 
The fourth fpecies is in the form of feparate ob- 
long cryftals, which are called felenites: forhe are 
lony and regular, like cryftals of fale. The fifth 
fpecies of gypfeous fpar is of a platey texture. 
Gypfeous fpar varies in compactnefs and tranfpa- 
rency, 1s fometimes white, fometimes reddifh, and 
is mixed with a greater or lefs quantity of other 
matter: fometimes we meet with it in cryftals.. 

The ores of metals are often found in this fpar. 
Sixthly, gypfum is often met with in waters 
of {prings in a diffolved ftate; for we find by expe- 
riment, that it is foluble in water, though but in 
{mall quantity. When the water is evaporated, it 
is depofited in cryftals very: {mall, and which ap- 
4 ah sepear 
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pear like a white powder; but by the microfcope 
are found to be oblong regular concretions. 
Mareraff firft fhewed that all thefe fpecies were 
compo fed of calcareous earth and vitriolic acid. 
He took a quantity of gypfeous earth in a fubtile 
powder, and boiled it for fome time in a folution 
of fixed vegetable alkali; and upon examination, he 
found the calcareous earth at the bottom in an un- 
combined ftate, and in the folution a vitriolated tar- 
tar, He alfo compofed an artificial sypfum of 
calcareous earth and the vitriolic acid, which had 
all the properties of a natural gypfum. From ~ 
knowing the compofition of thefe fubftances, we - 
may fufficiently underftand their properties, parti- 
cularly that of being converted by. a moderate 
heat into plaifter of Paris. If the purer kinds are 
reduced to fine powder, and put into an iron veftel, 
by the time the veffel 1s heated the powder grows 
light, and is thrown into motion like a boiling 
fluid. There are alfo a variety of other earthy pow- 
ders, which when moift give the fame appearance; 
_ for the vapour rifing up, makes its way through the 
powder, keeps it afloat, and agitates it like a 
liquid in a boiling ftate. This appearance con- 
tinues till moft of the water is evaporated. After 
this the powder becomes-heavy, and lies at the bot- 
tom of the veffel as before heating. It is then pre- 
pared for plaifter of Paris, for if a quantity of it is | 
put into fo much water as gives it’the confiftence 
of cream, it will foon become folid, and ring like 
a veficl of earthen-ware, or metal. It lofes its 
| B..2 _ tranf{parency 
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tran{parency by heat, and becomes white. The 
fofter kinds are beft for the plaifter of Paris. 

The explanation of all thefe phenomena is not - 
difficult, when we confider the nature of eypfum, 
which being a faline compound, has all the qualities 
of a falt. In its natural- ftate it is cryftallized in 
cconfequence of its containing a quantity of water. 

Heat expels the water; which being. again added, 
is attracted by the sypi um, a int occafions a ee 
lization. : 

‘A more violent heat produces very little change, ’ 
as the vitriolic acid adheres very clofely. to the 
earth. If thefe fubftances, however, are mixed 
in powder with a quantity of charcoal-duft, the 
whole of the acid may be diffipated, and the cal-_ 
~ careous earth only left behind, and thus a parti- 
cular phofphorus is formed, In this experiment the 
charcoal attfaéts the oxygen of the acid, which | 
is by that lofs rendered volatile, and is difperfed © 
in’ fumes. | 

7. Calcareous earth ts alfo found farurated with. 
miuriatic acid in fea-water and in falt-pits. | 

8. Calcareous earth, united with the fluoricacid,, 7 
forms the fufible fpar or fluor, which is commonly : 
known by the name of Dersysntre spar. The 
texture of this compound is either fparry, or irregu- 

Aarly fhattered or cracked. It is either tranfparent 
or opake; and the fpecimens are of a cubic, rhom= 
boidal, polygonal, or irreoular figure. The COR"! 

Joured fpars have the property bf emitting light 
when bk on a hot iron, or otherwife ncakedt but 
they loie this property by being made red hot. The 
. green 
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ereen thas are the moft phofphorefcent, but none 
of them exhibit this quality except when ‘ well 
warmed. They are fcarcely harder than common 

calcareous f{pars, and therefore do not {trike fire 
with fteel. They do not melt by themfelves; ‘but 
very much promote the fufion of other ftones, par- » 
ticularly the calcareous. They do not effervefce 
with acids, either before or after being fubmitted to 
the action of fire. 

Mr. Whitehurft explains in the following man- 
ner the formation of fparry and ftalaétitical pro- 
ductions. When water impregnated with the fpar- 

ry acid proceeds flowly through different ftrata of ~ 
earths and minerals, it becomes charged ‘with a 
variety of thee fubftances in tution ; and as it 
exudes gradually on the furface of caverns and fif- 
fures, the aqueous particles evaporate, and the 
iparry matter cryftallizes in various forms, includ- 
‘ing in its own iubftance the heterogenous matters 
with which it 1s charged. 

If the quantity of water thus‘ impregnated, which 
exudes through the pores of the earth or ftone, 
is not more than will eafily evaporate in the ordi- 
nary heat of the atmofphere, a fparry cruft is form- 
‘ed. Ifthe quantity of water exuded exceeds the 
quantity evaporated, ftalactites are produced: i. one 
inftance, and tubes in another, 

3 If a drop of water hangs from the roof, almoft 
dropping, the aqueous ‘particles evaporate Hate the 
furface' fooner.ithan from its interior parts. A 
cryftallization therefore takes place’on the furface, 
while the center remains fluid: the water thus de- 
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tained is continually increafing, and the tube gra- 
dually extends downwards. By this procefs, tubes 
are frequently formed of two feet in length, and one 
tenth of an inch in diameter. The appearance of- 
caverns ornamented with thefe fplendid productions 
exceeds that of the moft laboured works of art: 
_tranfparent columns, adorned with the moft beauti- | 
ful and vivid colours, difpofed fometimes in the 
form of a honey-comb, fometimes in a more irre- 
gular arrangement: mirrors, reflecting the images 
of objects, tinged with a light fhade of the moft de- 
_ licate colours, ravifh the eye of the beholder. The 
pillars appear of various forms and fizes; fometimes 
arranged like a regular colonnade, and fometimes 
difpofed with all the delightful irregularity of na- 
ture. The ftalactites hana like icicles from the 
lofty roofs of thefe ftupendous caverns, and are re-— 
fle&ted, back by the polifhed and glittering floors. 
Some of the moft ftriking caverns of this kind are 
the grotto of Antiparos*, Poole’ s Hole, and Peak 
Hole in Derbythire. | 

Q. bau : 


* The following is an account of this famous gretto, commu- 
nicated by Magni, an Italian traveller, to the celebrated Kir- 
cher.——* Having been informed (fayshe) by the natives of Pa- 
ros, that in the little ifland of Antiparos, which lies.about two 
miles from the former, a gigantic ftatue was to be feen at the — 
mouth of a cavern in that place, it was refolved that we (the 
French conful and himfelf) fhould pay ita vifit. In parfu- 
ance of this refolution, after we had landed on the ifland, and 
walked about four miles through the midft of beautiful plains, 
and floping woodlands, we at length came to a little hill, on the 
- fide of which yawned a moft horrid cavern, that with its gloom 
at 
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g. Calcareous earth is found faturated with a par- 
ticular acid, perhaps of the metallic kind, namely, 
the 


at firft ftruck us with terror, and almoft repreffed curiofity. 
Recovering the firft furprife, however, we entered boldly; and 
had not proceeded above twenty paces, when the fuppofed fta- 
tue of the giant prefented itfelfto our view. We quickly per- 
ceived, that what the ignorant natives had been terrified at as 
a giant, was nothing more than a {parry concretion, formed by 
the water dropping from the roof of the cave, and by degrees 
hardening into a figure that their fears had formed into a mon- 
fter. Incited by this extraordinary appearance, we were in- 
duced to proceed ftill farther, in queft of new adventures in 
this fubterranean abode. As we proceeded, new wonders 
offered themfelves: the fpars, formed into trees and fhrubs, 
prefented a kind of petrified grove; fome white, fome green; 
and all receding in due perfpective. They ftruck us with the 
more amazement, as we knew them to be mere productions of 
nature, who, hitherto in pfolitude, had, in her playful mo- 
ments, drefied the fcene, as if for her own amufement, 

«But we had as yet feen but a few of the wonders of the place; 
and we were introduced only into the portico of this amazing 
temple, In one corner of this half illuminated recefs, there ap- 
peared an opening of about three feet wide, which feemed to 
fead to a place totally dark, and that one of the natives aflured 
as contained nothing more than a refervoir of water. Upon 
this we tried, by throwing dewn fome ftones, which rumbling 
along the fides of the defcent for fome time, the found feemed at 
daft quafhed ina bed of water. In order, however, to be more 
certain, we fent in a Levantine mariner, who, by the promife 
of a good reward, with a flambeanx in his hand, ventured 

into this narrow, aperture. After continuing within it for 
about a quarter of an hour, he returned, bringing fome beau- 

tifal pieces of white fpar in his hand, which art could neither 
imitate nor equal. Upon being informed by him that the 

place was full of thefe beautiful incruftations, I ventured in 

once more with him, for about fifty paces, anxioufly and cau- 

tioufly defcending by a fleep and dangerous way, Finding, 

F 4 however, 
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the tuneftenic acid: . This combination forms fhe 
TUNGSTEIN Of the Swedes. ‘This ftene 1s remarkably 
heavy, 


-however, that we came toa precipice which led into a fpacious 
amphitheatre, if I may fo call it, ftill deeper than any other 
part, we returned, and being provided with a ladder, flam- 
-beaux, and other things to expedite our defcent, our whole 
company, man by man,, ventured into the fame,opening, and 
‘defcending one after another, we at laft faw ourfelves all toge- 
ther in the moft magnificent part of the cavern. 

«Qur candles being now all lighted up, and the whole place 
completely illuminated, never could the eye be prefented with 
‘amore glittering, or a more magnificent fcene. ‘The roof all 
» hung with folid icicles, tran{parent as glafs, yet folid as mar- 

ble. The eye could fcarce reach the lofty and noble ceiling ; 
-the fides: were regularly formed with fpars; and the whole 
» prefented: the idea of a magnificent theatre, illuminated with 
an:immenfe profufion of lights. The floor confifted of folid 


_marble; and: in feveral places, magnificent columns, thrones, 


altarsy.and other objects appeared, as if nature had defigned 
to mock the curiofities of art. Our voices, upon {peaking or 
finging, were redoubled to an aftonifhing loudnefs; and upon 


“the firing of a gun, the noife and reverberations were almof _ 


' enteintho! In the midtt of this grand amphitheatre rofe a.con- 
cretion’ of about fifteen: feet high, that, in fome meafure,. re= 


fembledan altar; from which, taking the hint, we caufed. mafs. 


* to be celebrated there. . The beautiful columns that, fhot up 


round the altar, appeared like candlefticks ; and many other | 


natural’ objects reprefented the cuftomary ornaments of: this 
faerament. 

*¢ Below this fpacious grotto, there feemed ananier 9 cas 
“yern; down which I ventured with my former mariner, and 
defcended about fifty paces by means of a rope. I at laft ar- 
* rived at a {mall {pot of level ground, where the bottom appeared 
« different from. that of the amphitheatre, being compofed: of 
fof clay, yielding to the preflure, and in which I thruft a 
‘flick to about fix feet deep. In this, however, as above, 


~gumbers of the moff beautiful eryftals were formed; one of 


; which, 
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heavy, and refembles fluor fpar in the form of 
its fragments. It becomes yellow in acids, and is 
found united with:petroleum (or mineral pitch) in 
the proportion of ninety-five of the former to four 
of the latter. In this ftate it forms the fwine-ftone, 
which is.of a dark colour, and becomes fetid by 
friction. | 

10. Calcareous earth is alfo found iniene with 
three of the metals, iron, copper, and lead; of 
each of which there are feveral varieties. When 
united with copper, it is called mountain blue ; 
when united with calx of copper, it is denominated 
Armenian ftone. Gypfeous earth combined with 
calx.of copper, is called turquoife and malachites. 
The pureft malachite, according to Kirwan, con- 
tains feventy-five parts of copper and twenty-five 
of aerial or carbonic acid; calcareous éarth is 
therefore not. an effential ingredient. Itis of a green 
colour, ,and is fometimes. Sue and polifhed as. a, 
gem, 3 


which, particularly, -refembled: a.table. Upon our, egrefs 
‘from this amazing cavern, we perceived a,Greek inicription 
-upon'a rock at the mouth, but fo obliterated. by. time, that we 
could not readit. It feemed to import that one Antipater, in } 
the time of Alexander, had come thither; but whether he pe- 
__netrated into the depths of the cavern, he does not think fit-to 
“inform ys.’—Kircher de Mund. Sub. 112. 
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CuHuaprp. XI. 
MAGNESIAN EARTHS. 


Magnefia, bow obtained—Epfom Salt.—Soap Rocke—French 
Chalk. —Serpentine Stone.— Mica.—T alk.—Mujcovy Glafs.— 
Afbeftos. — Mineral Cloth. — Mountain Leather. — dea 
Flax.—Mountain Wood. | 


or of common falt, is placed in a large veffel, 
and diluted with a confiderable quantity of common 


fe obtain MAGNESIA, the mother water of nitre, 


water. Fixed alkali diffolved in water is then ad- 


ded, and the mixture juft made to boil. By this 
proces the magnefia falls to the bottom of the vef- 
fel in the form "ots powder, which is purified by 


repeated affufions of water. Magnefia, in its mild 


ftate, confifts of forty parts magnefian garth, forty- 
eight caroonic acid, and twelve water. The cryf- 


tallized aerated magnefia contains half its weight of _ 


carbonic acid, one Font nine Capth; and one 


fourth water. 

Magnefia combined with jaa acid coniftitutes 
Epsom saLT, which in many refpeéts refembles 
Glauber’s falt; it may be diftinguifhed, however, 
by an eafy experiment; for if a fixed alkali is ad- 
ded to # folution of Epfom falt, a precipitation is 
produced, which is not a a confequence of adding an’ 

alkali 
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alkali to a folution of Glauber’s falt. Even the 
volatile alkali, if mild, is capable of feparating mag- 
nefia from its acid, by means of a double attraction ; 
the alkali unites with the vitriolic acid, and part of 
the earth falls to the bottom, combined with carbo- 
nic acid. 

Magnefia enters into the compofition of fome 
earthy fubftances; the ftones ufually treated of 
under this head confift of magnefia united with 
flint; but the latter ufually predominates. Mott of 
them are foapy to the touch, and fo foft that they 
may be cut into various utenfils.——Of thefe the fol- 
lowing are the moft remarkable: 

1. Steatites, lapis ollaris, or soap ROCK, is of va~ 
rious colours, but chiefly different fhades of green. 
It does not become ductile in water, and 1s fufed 
with difficulty. One variety of it is in the form of 
fix-fided prifms, another is lamellated. 

2. Smectis, or FRENCH CHALK, is found pretty 
plentifully in Cornwall. Its colour is either white, » 
yellow, or red and white; fome TL eeiiey have 
. the appearance of Catftile foap. 

3. SERPENTINE STONE is of different feiss of 
sreen. ‘The ftructure of this ftone is fibrous, and it 
Riotit therefore be confounded with anotuer earthy 
- matter, called afbeftos, if its fibres did not adhere fo 
clofely together, as to Boiss obfervatton, when the 
{tone is cutand polifhed. Of the ferpentine {tone theré 
are many varieties, and it is found {potted or ftreaked 
with a great diverfity of colours. What is commonly 
called ferpentine ftone, is a true lapis ollaris; but 

| being 
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being variegated like the tkins of fome ferpents,, is 
ei aeitiee by another name. Great quantities of 
this ftone are found in Italy and.Switzerland, where 
it is often worked into the fhape of dithes and other 


veffels. It is harder than fteatites, but not fo hard 4 


as to give fire with fteel; and lefs fmooth. to the 


touch, but. is fufceprible of a.good polith ; it looks 


. like marble, and is often in thin pieces femitranfpa- 
rent. ‘The greener forts of this ftone have been 
called rhythm their colour arifes from manga~ 
_nefe. But the term lapis ERY aay is commonly 
applied to jade. 
4. Micaceous earths, of TALKS, may be defined 
earthy or. ftony bodies, the texture and .compo- 
_fition of which confifts of thin flexible particles, 
: divifible into plates or leaves, having a thining fur- 
face. Thefe plates, by being expofed to hear, {epa- 
rate into fmaller. ones, but Theis flexibility is much 
_diminifhed. By a ftrong heat they curl or crumple, 
but. it 1s. very Aiea: to reduce them to, perfect 
fofion without addition. The plates of mica, when 
of the pureft kind, are tranfparent, and there is one 


variety, the, plates of which, from their near refem- 


blance to glafs, are called Mufcovy, glafs. Micas, 
_ however, are often tinged with a variety of colours, 
or are more or lefs opake. Sometimes they have a 
luftre refembling that. of metallic fubftances. Some- 


_times they are in the form of fhining powder, hike » 


that which 1s ufed in bronzing figures. This ap- 
pearance has often impofed upon miners, who have 
. thought they met with gold and filver, whereas 
2 . there 


By che | 
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there is never any metal in thefe fubftances but 
iron. They are found alfo mixed with other ftones, 
as the granite, which frequently contains a great 
quantity of talk. Freeftone alfo contains more or 
lefs; its horizontal layers have between them a thin 
ftratum of tal where the {tone more eafily feparates. 
It is alfo found in fome kinds of flate, which, when 
expofed to the air, moulder into talky powder. The 
tranfparent Mutcovy glafs is uled for windows, and 
for thofe lanthorns which are employed in powder 
magazines, as this fubftance is not fo liable to break 
as glafs, and is unaflailable by fire. The twifted, or 
crumpled mica, which is found at Hardal in Jemp- 
land, is there manufactured into kettles and other 
veflels, as alfo for hearths of chimnies; and the 
powder which falls i in the working may be mixed 
with common falt for the aitildtion of the muriatic 
acid. The thining appearance of the micaceous 
earths has obtained them the names of daze, elim- 
mer, or olift. Talk differs from other micas in its 
laminz or filaments being much tenderer and more 
brittle, but both have the metallic luftre. 
‘. §. The aspzsTos, or amianthus, is a foffil agree. 
ing with talk in having a regular ftructure, in being 
flexible, but aifering. in being compofed of aibres 
inftead of plates. When long expofed to air, it 
diffolves into a fort of dave matter, which has 
| fome degree of toughnels, but the fibres of which 
connot be unravelled, Cloth and paper have been 
made of this fubftance; which refit the fire. Ail-~ 
beftos, 
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beftos, however, though unafiailable by common 
fires, has fubmitted to the power of ftrong burning. 
-mirrors, and has undergone vitrification. The acnients 
are faid to have manufactured cloths of this foffil, in. 
which they wrapped their dead when they burned 
them, that the afhes might be preferved. Several 
moderns have fucceeded in making this cloth; the 
chief contrivances which are neceffary are to mix 
the mineral fibres with a large proportion of flax, 
and to ufe oil freely; thefe matters are afterwards 
confumed by expofing the cloth to a red heat. 
Although the cloth of afbeftos when foiled is reftor- 
ed to its whitenefs by burning, yet it does lofe 
fome part of its weight, as has been afcertained by 
accurate experiments. The varieties of this curious 
genus of fuffils are mountain leather or cork; moun- 
tain flax, to which the name of amianthus 1s parti- 
cularly applied ; common or unripe afbeftos, and 
mountain wood. Thefe fubftances all confit 
nearly of the fame component parts, and differ 
chiefly in colour, folidity, er in the form and dit 
-rection of their fibres. Some fpecimens of -the 
~amianthus are fo light as to float in water. When 
the fibres are parallel, it is called mountain leather 3 
when twifted, mountain cork. 

The mountain cork or leather contains in the 
hundred from 56 to 62 parts of filiceous earth, 
from 22 to 26 of mild magnefia, from 7 to 14 of 
mild calcareous earth, 1.- of clay, and 10.6 of 
iron. ‘Thefe afford a white flag by fufion. The 

fpecimens 
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fpecimens which are of a yellowifh brown colour 
are impure, and melt pretty eafily into a black 
flag. There is ‘alfo a fpecies of a light green 
colour, fomewhat more brittle, and contaminated 
with iron, This laft is foluble by heat into 3 
femitranfparent glafs. 
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PONDEROUS EARTHS. vam 


Barytes a fearce Mineral; found in tavo States.—Criftatum sais 


Ponderous Spar.—Cawk —Liver Stone. 


ARYTES 1s but thinly fcattered in nature. It 

is found in two ftates, combined either with 
the carbonic or vitriolic acids. 1ft. When united 
with the former acid it refembies alum, but is hard 
and ftriated, as if compofed ,of radiating fibres 
coming from a center. It is fometimes of a green- 
ith colour; fometimes jagged, when it is called 
criftatum, from its refemblance to a cock’s comb. 
Thefe prominences are found accreted to balls of 
the fame fubftance. 


2. Ponderous earth is more frequently anaed | 
viith vitriolic acid. Thefe ftones are found of 


various appearances, pale yellow, blackith, . with 
coarfe fcales, or with fine fparkling fcales, They 
are either tranfparent or opake.. The tranfparent 


PONDEROUS SPAR 1s ufually in the form of a fix-fided | 


very flat prifm, ending in a four-fided pyramid; but, 
like all other cryftals, liable to be varied by the cir- 
_cumftances attending their formation. The opake 
fpecimens, called cawk by the miners, are of a white, 


greys 
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grey, or fawn-colour; frequently of no regular fi- 
sure, but often in the peculiar figure of a number 
of fmall convex lenfes united together. Thefe va« 
rieties are all remarkably heavy, in general exceed 
ing four times the weight of water, and by this cits | 
ccumftance the prefence of barytes may commonly be 
difcovered. ‘The ftones compofed of vitriolic acid 
and barytes may be known by their fmelling like 
liver of fulphur when rubbed. From this property 
they are called Japis bepaticus, and leberftein (liver- 
{tone) by the Germans. 
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OD IS ae, COTE 
ARGILLACEOUS EARTHS. 


“General Account of Clays or Argils—ZAlum ; its Compofi tion. _— 
Natural Hi sfrory of Alum. — Aition of this Subftance on other 
Bodiesia—U/es of Alum in the Arts——Lae Lune.—Porcelain 
Clay.—Manner of making different Kinds of Pottery —Stone 
Ware—Yellow, or Queen's Ware.—China,.—Lithomarga— 
Terra Lemnia.—Bolem—Zeolite—Lapis LaxulimTripoli,— 
Brick Clay.—Slate. 


HE argill, or earth of clay, is one of thofe - 


fubftances which abound moft in nature. 


There are immenfe ftrata of clays, and they make a. 


part of every rich foil. The idea commonly enter- 


tained of clay, is that ‘of a natural fubftance, the . 


pureft kinds of which are firm, and have a fort of 
fatnefs or unctuofity, and which by being rubbed 
by the finger receive a polifh. When dry, they 
imbibe Eoin fo that when applied to the tongue 
it adheres to them. From their attraétion for wa- 
ter, they are always found moift in a natural ftate. 
If more water is added, they form a duttile pafte, 
which, when thoroughly burnt and dried, becomes 


hard, ftony, and impenetrable to water. On the 


regular contraction which clay undergoes from the 


/ 


ae ee a 


application of different degrees of heat, depends the — 


- conftruction ofa thez rmometer for meafuring intenfe — 
bi degrees: 
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Chap. 13.] Different Charatiers of Clay. $4 
_ degrees of heat, ‘and ‘invented by Mr. Wedgwood *. 

As clays when! wrought together become impe- 
netrable to water, they are made ufeof to retain | 
water in ponds, écc. ‘This is the reafon that when 
cattle are allowed to tread a clayey foil in wet 
weather, the plants die that grew there; for the clay 
being previoufly mixed with the water, and being 
then compreffed by the feet of the cattle, the ground | 
is rendered too tough for the vegetables to {pring up 
through it, dfiedially” when the clay thus trodden 
ropeeher’ is afterwards dried by the heat of the fun. » 
Clays differ much in confiftency. Some melt.in the 
mouth, others are gritty, and get between the teeth. | 
They are white, blue, grey, red, yellow, or black. 
Some are much lefs vifcid than others. Some. refift. 
a very violent heat without undergoing any changes 
_ but moft of them, in very intenfe heat, melt into a 
vitrified mafs. Some of them effervefce with acids, 
others not. All thefe varieties have but one fpecies 
of earth for their bafis, and are nothing mort than 
mixtures of pure clay with heterogeneous fubftances. 
Thus we often find ftrata, Whigh contain a large . 
mixture of fandy and gritty particles. All clays 
which’ afe fandy, are fo from fand, or calcareous 
earth: when mixed with the latter, they effervefce. 
The variety of their: colour depends on an admix- 
ture of iron; though fometimes of inflammable mat 
ter. The clay becoming white in the fire, is the 
fureft fien of its purity. We can actually extract 
iron from moft of thefe clays, efpecially thof 
which burn to a red colour, which colour is ae. 


¢ See vol. i. p. 96. | 
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affumed by the. calces or ruft of iron. When they 
effervefce with acids, they clafs with marles. Clay, 
united with vitriolic acid, forms that common and 
well known fubftance called aLum. 

The Lrunrrmesee of the Greeks, and the alumen of 
the Romans, was a native fubftance, and differed 
much fromthe falt of which I am now treating. 
The varieties mentioned by Diofcorides refer to 
ftalaGtites, which contained very little if any alum, 
and that completely enveloped by a vitreous mat- 
ter. ‘The defcriptions of Pliny are ftill more diffi- 
cult to be underftood, as he had not feen the.fub- 
ftance which he defcribes, but merely tran{cribed 
from others. The fa¢titious falt which is now called 
alum, was firft difcovered inthe eaftern countries, but 
when, where, or by what means, is unknown. On 
account of its fimilar aftringency, and its ufe in the 
arts of tanning and dying, the new falt has retained 
the old name. 

_Among the moft aH works for the sa taaeie 
of alum, was that of Roccho, acity of Lycia, now 
called Edefla, hence the appellation Roch alum (now 
commonly miftaken for rock. alum). In the neigh. 
bourhood of Conftantinople, and other parts’ near 
Smyrna, were many alum-works. The Italians 
hired and made ufe of thefe, . but about the fifteenth | 
century introduced the art into their own country. 

Bartholomew Perdix, or Pernix,-.a merchant of 
Genoa, who had often been at Roccho, difcovered 
the matrix of alum in the ifland of Ifchia, about the 
year 1459, and eftablifhed.a manufactory there; at 
the fame time John de ae made the fame dif- 


aaa 
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covery at Tolfa, by means of the ilex aquif Hiden} 
which he had alfo obferved to grow in the adjacent ° 
mountains of Turkey; and his opinion, was con- 
firmed by the tafte of the ftones. The attempts of | 
the Genoefe at Viterbium and Volaterre fucceeded 
extremely well; infomuch that an edict of Pope 
Pius If. prohibited the ufe of oriental alum. 

Manufactories were eftablifhed in Spain, Ger- 
many, England, Sweden, &c. in the courfe of 
the fixteenth century. 

The proportion of the principles may be afcer- | 
tained in the following manner: the water is ex- 
pelled by a gentle heat; the remaining mals grows 
opake, fwells, foams, and at length grows quiet, 
fpongy, and friable; the quantity of earthy bafis 
is eafily determined by precipitation with fixed or _ 
volatile alkali. 

Mr. Pott firft obferved that when cig is mixed 
with vitriolic acid, and boiled a confiderable time, the 
folution affords alum, though he obtained but little 
in this way. Margraff found that the vitriolic 
acid diffolves one half or more of the pureft clay ; 
from the folution he obtained much alum, but al- 
ways found it neceffary to add a certain portion of 
alkaline falt before the alum would appear; and he 
could never obtain it without adding a greater 
quantity of vitriolic acid than was neceflary to 
compofe the alum. The other half, which did not 
diffolve, he concludes to be a very fine fand, or an 
earth of the flinty kind. The fhorteft way is to 
add a {mall quantity of fixed or volatile alkali to 
i folution, which immediately becomes muddy, 

Gis the 
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the alkali attradting fome of the fuperfluous acid, a 
powder precipitates, confifting of the reyes of 
alum. | 
The alum, however, which is eapheyne in tn ; 
_ arts, is not prepared in this way. Nature produces 
. buta very fmall quantity of actual alum, and this — 
is mixed with heterogeneous matters, or effloref- — 
cences, in various pe upon ores during calcina- 
‘tion, but rarely occurs cryftallized. In this latter 
{tate, it is reported to be found in Egypt, Sardinia, 
Spain, Bohemia, and other places; it is fometimes 
generated in the aluminous fchift of Lapland and — 
Weft Gothland, by a fpontaneous decompofition 
of the ore ; befides it is found (but rarely) in mineral — 
fprings. Alum is moftly prepared from certain fof= — 
fils, or ores of alum, as they are called. Thefe ores — 
are generally found in ftrata, which appear like in- _ 
_. durated clays, of a dark black colour, and have a 
-fulphureous fmell. When expofed to the air for 
fome time, they grow hot, fwell, and crumble | 
down into a powder, emit fulphureous fumes, and — 
fometimes take fire. Some do not undergo this — 
change merely from expofure, to the air, but mutt 
‘be firtt | burnt and wafhed, and then expofed to the 
air a good while before alum can be obtained, 
After hey have been crumbled down in this man- 
ner, they are fteeped in water; an alkali is then 
added, and the alum cryftallizes and fubfides.. | 
Thefe ores are evidently natural mixtures of clay — 
and fulphur, By expofure to air, according to the ~ 
old: fyftem of chemiftry, it was fuppofed that the © 
clay, acted on the fulphur in fuch a manner as tom 
ae} make 


’ 
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make it part with its phlogifton, whence they. ex- 
plained the production of heat. This fact, hows 
ever, is now much better explained, according to 
the new fyftem, by fuppofing that the oxygenous 
gas of the atmofphere is decompofed; and while 
the oxygen is abforbed by the fulphur (with which 
_ it forms vitriolic acid) the heat is fet at liberty, and 
becomes fenfible. 

After a proper quantity of alkali has been added 
to the folution, it is cryftallized in the common 
manner, that is by evaporation. The cryftals are 
at firft tolerably diftinét, but of no confiderable fize. 
A ereat quantity of them being heaped together 
until they undergo a watery fufion, they unite into 
a mafs,:which is called roch alum, and i in this form 
it is expofed to fale. 

That accurate and attentive obferver, Bifhop 
Watfon, in his Chemical Effays, relates, that being 
one day engaged, inevaporating fomething or other 
from a faucer made of Staffordfhire yellow ware, he 
was furprifed to fee a white fubftance bubbling 
through a crack in the faucer ; upon tafting it, he 
found it to be a falt, and, upon further examination, 
difcovered that it was a perfect alum. The fire, 
he obferves, was a very hot-one, and it was made 
of coal cinders ; the faucer was placed on the bar of 
the grate, and the alum, he conceives, was formed 
from the fulphureous acid of the cinders uniting it- 
felf with the clay, which enters into the compofi- 
tion of the yellow ware. He was informed that 
the vapour which, in fome places, efcapes' from the 
coal-pits which’ 2 are on fire in Staffordthire, forms 
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an alum whenever it meets with an argillaceous 
earth. This, he remarks, is conformable to the 
manner of making alum on the Solfatara, near 


Naples, where they place little heaps of -argilla- | 


ceous earths or {tones over the crevices from which 
the fulphureous vapour iffues, in order that they 
may colleét a greater quantity of alum. >. 

This falt contains much water, hence it under- 
goes what chemifts call the watry fufion; after this 
there remains a fubftance called burnt alum, which 
contains the earth and vitriolic acid, with little or 
no water; this, if the heat is increafed, does not 
melt, nor by | heat alone can we feparate the whole. 
_of the acid, though fome of it rifes; but the addi- 
tion of any ihfatimable matter difpofes it to rife 
in fumes, which are very fulphureous. One hun- 
dred parts of cryftallized alum contain thirty-eight 
of vitriolic acid, ejghteen of clay, and’ forty-four 
of water. “e 

The fenfible qualicies of alum fhew it to be the 
oppofite to borax, whichis compofed of the fixed 
alkali and a very weak acid; on the contrary, alum 
is the ftrongeft acid, combined with an earth which 
attracts it very weakly; fo that the qualities of the acid 
are very little altered, for if we apply a folution of 
alum to the infufion of litmus, it changes it toa red, 
The folution hasalfoa manifeft acidity,combined with. 
another tafte which approaches to {weetnefs. If an 
alkali isadded, the eayth is immediately precipitated, 
and this effect is not only produced by the fixed and 
yolatile alkalies, but by magnefia and calcareous 
earth, ..Alum is often obtained from the liquor of 
the compound of iron and vitriolic acid. 

The 
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The earth of alum will combine in excefs ta the - 
falt when already formed. M. Beaumé boiled a 
folution of alum with the earth precipitated from 
another portion of alum, by means of fixed 
alkali; the earth was diffolyed with effervef- 
cence, the filtrated folution had.no_ longer 
the tafte of alum, but that of a hard water, did 
not redden the tinéture of turnfole, but converted 
fyrup of voilets to a green. By fpontaneous eva- 
poration it afforded cryftals, fcaly and foft to the 
touch like mica; M. Baumé compares them to 
felenite. It is not eafy to compofe alum by adding 
vitriolic acid to this faturated falt, the mixture be- 
coming acid, but not ftyptic. However, after 
{pontaneous evaporation for three months, the {o0- 
lution afforded cryftals of alum mixed with fome 
micaceous {cales, fimilar to thofe afforded by alum 
faturated with its earth. 

Alum, heated with combuftible matters, forms 

a fubftance which takes fire on expofure to air, and 
is called the pyrephorus of Homberg. This che- 
mift, who publifhed an account of the pyrophorus, 
in the year 1711, made experiments on human 
excrement, for the purpofe of obtaining a colour. 
lefs oil poffeffing the property of fixing mercury 
into fine filver: the inquiry produced many difco- 
yveries ; the refidue of this animal fubftance, diftil- 
Jed with alum, took fire on expofure to the air. 
Homberg repeated this experiment a number of 
times, and always with fuccefs. Lemery the 
younger, in the years 1714 and 1715, publifhed | 
two memoirs, in which he affirms, that pyropho-. 
. rug 
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rus may be made with a great number of vegetable» 
and animal fubftances heated with alum. But he 
_ did not fucceed in his attempts to'form it with fome 
other vitriolic falts. Thefe two chemifts, who fup- 
pofed alum to be a combination of the vitriolic acid 
and calcareous earth, imagined that the latter being 
converted into lime attracted the humidity: of the 
air, and produced a degree of heat fufficient to fet 
fire to the fulphur fbrnied by the VIRFORe acid and. 
inflammable fubftances. 

“Alum is one of the moft ufeful falts in ies arts. 
It is added to tallow to make candles hard. “Wood 
fufficiently foaked in alum does not eafily take fire: 
the fanie is true of paper impregnated with i it, which 
for that réafon is very proper to keep gun-powder, | 
as it alfo excludes the moifture of the air. ‘This 
paper is alfo ufeful in whitening filver, and in 
filvering brafs without heat.’ Alum is ufeful added 

to ilu which does not eafily feparate i its butter. 

“Te is particularly ufeful in dying, in preparing the 
matters to be dyed ; for by cleanfing and opening 
thé ‘pores upon the furface by a seve corrofion, it 
Both renders the fubftance fit “fd receiving the 
colouring particles (by which the alum is generally 
decompofed) and at the fame time makes the co- 
lour fixed. It conftitutes the bafis of crayons, 
which generally confift of the earth of alum,’ finely: 
powdered and tinged for that piypotc, with different 
colouring matters, 

The argillaceous foffils are referred to the fol- 
ue or : bh ih , ; 


oo ~y 
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I. ARGILLA AERATA, to which the fanciful name 
of lac lunz has been applied. This was fuppofed 
to be a particular fpecies of calcareous earth, till 
M. Screber found that it was a combination of argill 
' with the carbonic acid. It effervefces with: acids, 
-and contains a very {mall proportion of calcareous 
earth, and fometimes of gypfum. It is generally 
found in {mall cakes of the hardnefs of chalk, like 
which it marks white. Its colour is fhow white, and 
when examined by the microfcope it is found to 
confift of {mall tranfparent cryftals.’ It effervefces 
with acids. | 


II, Porcexarn cay, argilla apyra, the kaolin of 
the Chinefe.. This is very refractory, and. is with 
great difficulty brought into perfect fufion. After 
it has been fubmitted to the action of heat, it is of 
a folid texture, and is fo hard as to ftrike fire with 
fteel. It is found of an excellent quality in Japan, 
and likewife in different parts of Europe. »In Swe- 
den it is met with in coal-pits, between the ftrata 
of coal. Common pipe-clay belongs to this divi- | 
fion, and differs from porcelain clay only. in being 
lefs pure, which prevents its burning ts to a sood 
colour. © 

The effential sneverientG in all kinds of pottery, 1S 
clay or SeaMliceous earth, becaufe thefe earths are 
| capable of being kneaded, and eafily receiving any 
form, and of acquiring much folidity and hardnefs 
by expofure to fire. Pottery is, in general, covered 
with a glazing, or is made to undergo a vitrification 
at the furface, without which it would be pervious 
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to fluids. Ordinary pottery is glazed with glafs of © 


lead mixed with metallic calces, or with fufible 
metallic earths. A fine kind of pottery 1s made of 
white clays, or fuch as whitenin the fre; the fur- 
face of which is vitrified by throwing into the fur- 
nace, when the ware is fiticlently baked, fome 
common falt and faltpetre. The Englith fton® 
ware is compofed of tobacco- -pipe- -clay and ground 
flints. The ufe of the flints is to give ftrength to 
the ware, fo that it may preferve its form during 


-the baking. In making this ftone-ware great | 


pains are taken to employ only the finer particles of 


the clay and flint. With this view the clay is much — 


beaten in water, by which the finer parts being 
mixed with the fluid are fufpended, while the coarfer 
fink to the bottom of the vefiel. The thick liquid, 


confifting of water and the finer particles of the clay, ~ 


is farther purified. by paffing ic through hair and 
jawn fieves of different degrees of finenefs. After’ 
this the liquid is mixed, in various proportions for 
different wares, with another liquor, of about the fame 
denfity, and confitting of flints calcined, ground, 
and fufpended in water. The mixture is then dried 
in a kiln, and afterwards, being beaten to a proper 
temper, it becomes fit for being formed at the wheel 
into difhes, plates, bowls, &c, When the ware 
» has been Bebo to heat for about forty-eight 
hours, it is glazed by means of common falt. This 


is thrown into the furnance through holes in the | 


upper part of it, and_being donipanee’ | into a thick 


vapour by the heat, is applied to the furface of the 
heated ware, and caufes it to vitrify. This curious — 


~ method 
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method of glazing earthen ware was introduced into 
England by two Dutchmen, near a.century ago. It 
appears to be produced by a combination of the 
alkali of the falt with the filiceous earth of the pot- 
tery. The yellow or queen’s ware is made of the 
fame materials as the flint ware, but in different 
proportions. The glazing is, alfo different; it is 
made by mixing together in water, ull it becomes as 
thick as cream, one hundred and twelve pounds of 
ground white lead, twenty-four pounds of ground 
flint, and fix pounds o of ground flint glafs. 
‘The ware, before it is olazed, is baked in the. 
fire, by; which it. acquires the property of ftrongly 
imbibing moifture; it ig then dipped in this com- 
pofition, and fuddenly taken out. It is afterwards 
expoied a fecond time to the fire, by which means 
the glaze i it has imbibed is melted, and a thin glafly 
coat is formed upon its furface, whichis more or 
lefs yellow, according asa greater or lefs, proportion 
of lead has been ufed. Porcelain, or china, is a 
femivitrified earthen ware of an intermediate nature 
_ between common wares and gla{s. The firft fpe- 
cimens_of this beautiful cpa came from 
China and Japan. Chinefe porcelain is faid to be 
compofed of two ingredients, one of which is.a 
hard ftone or rock called petunt/e, which they care- 
fully grind to a very fine powder; and the other, 
called by them kaolin, is a white earthy fybftance, 
which they mix intimately with the ground petuntfe. 
Reaumur examined both thefe matters;.and having 
expofed them feparately to a violent fire, he Hifco.' 
veyed that the petuntfe had fufed without addition, 
but that the Kaolin had given no fign of fufibility ; 
from 
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from which it appeared that the former was of a 
flinty nature, and the latter argillaceous. He after- 
wards mixed thefe matters,and formed cakes of them, 
which, by being baked, were converted into porce- 
lain fimilar to ‘that of China. ‘Macquter thinks 
that the firft European porcelains were made in 
Saxony and in France; and afterwards in England, 
Germany, and Italyx Manufactories have fince 
been eftalifhed in almoft all the countries of Europe, 


in many of which porcelain is made very fete if at 
all eatcricr to the Chinefe. 


\ III. Lithomarea, or sTONE-MARROW, when dry, 
féels’ as flippery as foap, but is not wholly diffu- 
fible in water. When mixed with water, it falls ‘in 
pieces, fo'as to affume the appearance of curds. In 
the fire it ‘melts into a frothy flag. Inthe mals iD, 
breaks into’ irregular fealy pieces. This is the ful- 
ler’s earth ufed ‘in the drefling of cloths. ‘To this 
foécies alfo Belongs the terra lemnia3 this is of a 
brownifh colour and fhining texture, and falls to 
pieces in water with a crackling noife. The terra 
lemnia is fo called from the ifland of Lemnos, ‘now 
Statimane, i in the Aegean fea, whence itis procured. 
It is likewife‘ called the Turkith earth, on account 
of its being impreffed with the teal Bp the grand 


fignior. 


IV. Bows is a fine and denfe clay of various ‘co- 
‘lours, containing a large quantity of iron. Iris not 
 eafily foftened in water when indurated, as the por- 
celain and common clays, but either falls to pieces 
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in the form of fine grains, or repels the water, and 
cannot be made duttile.,. Inthe fire it.grows black, 
and is then: attracted by the loaditone., The foft 
boles are of various eolontss as red, yellow, green, 
orey, and blueifh grey... The red kind is that ufed 
in medicine, under the name of Armenian bole; 
an indurated kind of which affords, the. material for 
red pencils. An indurated bole is. frequently 
found in coal-pits, between the feams of coal, and 
is called coal-flate. It is met with frequently 
in pieces like nuts of, various fizes; which when 
broken exhibit impreffions of plants, as the nodules 
of copper-flate from I]menaus, contain reprefenta- 
tions of fifth. A {pecies of bole i is found with fcaly 
particles, the hornblende of the Swedes. It is diftin- 
guifhed from mica, by the fcales being lefs fhining, 
thicker, and rectangular. , ‘Its peated mixed 
with pyrites ; it is ised two kinds; black and ereenifh. 

The former, when rubbed fine, affords a green 
powder, and is either of a Jamellated or, granular 
texture. The greenifh kind is of a granular texture, 
or ftriated. - 


V. Zeouite is in general of a cryftalline form, 
compofed of ners pyramids turned towards a 
‘common center. Their form is Sometimes globu- 
Jar, but feldom prifmatic. The lapis apne 
belongs to the zeolites. ‘Thefe foffils are, harder 
than fluors, but may be: fcratched by fteel, ‘The 
filiceous earth predominates much in them, The 
lapis lazuli contains filver and iron, which gives the 
blue colour. Zeolite melts per f with ebullition 


into a white frothy flag, which 1 in the moment of . ° > 


fufion 
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fafion affords a phofphoric light. The lapis lazuli 
firft becomes brown when melted, and then pro- — 
duces a clear glafs with blue clouds. By fcorifica- 
tion with lead, one hundred weight of it has af- 
forded two ounces of filver. 


VI. Tripotr feems to be of a volcanic origin. 
It is an earth confifting of very fine particles, and 
is known by its quality 6f rubbing or wearing hard 
bodies, which gives them a polifh. Other fine 
clays, however, have the fame property when a 
Tittle burnt. The tripoli grows fomewhat harder 
‘in the fire, and is fufed with great difficulty. When 
crude it imbibes water, but is not foluble in it. It 
taftes like chalk, and is rough or fandy between the 
teeth, though. no fand can be’ feparated from it. 
“That which has» been juft defcribed is of a yellow 
‘colour, and is fold by druggifts. This kind of 
tripoli has been lately difcovered i in Scotland. Ano- 
“ther variety, called the rotten-ftone, is found ia | 
‘Derbyfhire. It is in cormmon ufe in England for 
all forts of finer grinding and polifhing, and is alfo 
fometimes ufed by lapidaries for cutting of ftones. 


VIF. Common or srick cray is found of ya- 
rious colours, asred, pale red, grey, and blue. It ac- 
quires ared colour, more or lefs deep, in the fire, and 
melts pretty eafily into aereenifh glafs. It confifts 
of a mixture of pure clay, filiceous and maftial (or 
iron) earths, containing alfo a fimall quantity of 
vitriolic acid. The clay is alfo found mixed with 
calcareous earth, when it conftitutes mare, Ir 

is 
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_is alfo found in an indurated ftate, either pure or 
mixed with inflammable fubftances, and vitriolic 
acid, in which cafe itforms the ores of alum. 


VIII. Argillaceous foffile ftones, to which the de- 
nomination of scHrsri propetly belongs: The moft 
remarkable ftones comprehended under this divifion 
are» the bluifii’ purple: {chiftus, or “common roof 
flate ; ‘the dark blue ‘fchiftus, or writing flate; the 
pyritaceous fchiftus ; the bituminous. fchiftus ; the - 
argillaceous. grit, which is alf called fand-ftone, 
fee free-ftone ;- the killas ; ; the fag-ttone, and the 
toad-ftone. 

The method of fplitting the ne ufed for the 
roofing of houfes, i is the following: They expofe it ~ 
in blocks t6 be well wetted and faker by the: rain ; 
when the froft comes upon it afterwards, it rarifies 
the water, and cracks and opens all the joints of thé 
{tone, fo that when the froft has completed its work 
it lies in loof flakes or fhivers. Thus the elements 
perform with eafe what no manual art could have 
eafily accomplifhed. | 
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CuHuare. XIV. 
SILICEOUS PARE ES 


General as angement of Flinty Subjtances.—Gems —Diamond.— 
Ruby. —Sapphire-—T opax.—EmetaldHyacynth, —Amethyft. 
—Garnet.—Tourmalin.—Opal.—Compofition aud Properties of 
precious Stones.—Quartz.—Rock Cryftals.—Pebbles.——Flints. 
+—LapisNepbriticus.—Cat?s-Bye.—Hydrophanes—Explanation 
of the Phenomena of the Hydrophanous Stonemm-Moon-Stone.— 
Chalcedony.—Onyx.— Carnelion.—Sardonyx.— Agate.——Com- 
mon F lint.—Chert.—Sand and Gravel. —Fafper.—Feldt Spar. 
—Labrador StonemSchirl and W hetftonemmArt of making 
Glafs.—Prince Rupert’s Drop and a age Phial. —Cu- 


rious Phenomenon. 


HESE earths are chiefly diftinguithed by 

their hardnefs, by which they ftrike fire 
aa fteel, and their property of forming good glafs 
with alkali.;_ ‘They may be divided into, 1, Gems, 
or precious ftones; 2, Quartz; 3, res aD Jak 
Pes s, Feldt-fpars. 


a - 


1. Gems.— The diamond is the hardeft of all bo- 
dies. Its {pecific gravity is 3,445, hence it refracts — 
the rays of light very powerfully ; but it poffeffes this 
power even in a much ereater degree than might 
be fuppofed from its denfity, and hence proceeds 
its fincular brilliancy. The diamond, properly fo 
called, is colourlefs; but it alfo retains this name 
when it 1s flightly tinged-either with red or yellow. . 
It is. therefore not the colour of the ftone, but its 

‘ x hardnefs 


Chap. 14.] The Diamond 99 
hardnefs and luftre, which obtain: it the denomina+ 
tion of a diamond. 

Diamonds are found in the Eaft Ladies, parti 
jarly in the kingdoms of Golconda and Vifapour : 
they likewife come from the Brafils; but thefe laft 
appear to be of an inferior quality, and are known 
in commerce by the hame of Portuguefe diamonds. 

Diamonds are-ufually found in an ochreous yel- 
low earth, under rocks of grit-ftone and quartz; 
they are likewife found detached, in torrents which 
have carried them from their beds. Diamonds are 
feldom found above a-certain fize. The fovereigns 
of India referve the largeft, in order that the price 
of this article may not fall. Diamonds have no 
brilliancy when dug out of the earth, but are covered 
with an earthy cruft, which inclofes a fecond cruft, 
of the nature of calcareous fpar, acéording to M. 
Romé de Lifle. Bright diamonds are occafionally 
found in waters. | | hes 

Diamonds very often have no regular form, but 
are flat, or worn round. Sometimes they are regu- 
Jarly cryftallized in octahedrons, formed by two 
quadrangular pyramids, ‘united at their bafis; they 
are likewife found with twelve, twenty-four, rand 
forty-eight faces. 

Didtnénds appear to be compofed of ands 
laid upon‘each other; and they are eafily divided, by 
ftriking them in the direction of thefe lamine with 
a good fteel inftrument. There are, however, 
fomie diamonds which do not appear to be formed 
of diftiné Jaminz, but of twifted fibres, hke thofe 
of knots in wood. Thefe laft are exceedingly 
H 2 hard, 
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hard, and cannot be wrought; lapidaries call them 
diamonds of nature. 

Diamonds are fhaped by firft cleaving them in 
the direction of their lamella, and then rubbing 
them with other diamonds. They are then po- 
lifhed by an horizontal fteel. wheel, dufted with 
their own powder mixed with olive oil. 

2. The ruby has been confounded with the 
diamond, on account of its hardnefs and luftre, but 
fome late experiments fhew that it is effentially 
different. According to Cronftadt, there are four 
principal kinds of rubies: —1. The ruby of a deep 
colour inclining to purple. 2. The fpinell ruby, of 
a ponceau red, that is, of a bright corn-poppy- 
“flower colour. 3. The balafs-ruby, pale red in- 
clining to violet. 4. The rubicell, of a reddifh » 
colour. — 

Haine fapphire is _tranfparent, ssid of a bles 
colour, and is faid to be next to the diamond in 
hardnefs. They are fometimes of a igs ANE: 
ance. : 

. 4 The topaz is chiefly of different: hades nt 
yellow, but is fometimes greenifh. When of.a 
fea-green colour it is called aqua-marine; when 
more green, the beryl; when yellowith green, ithe | 
_ chryfolite. | 

5. Emerald, the chief dada of which is green, 
is the fofteft of the precious ftones, and when © 
heated is phofphorefcent like the fluors. 


6. The jacinth or hyacinth, is of a fine reddifh a 


yellow colour, and fometimes: brown; they are - 
formed in prifms, pointed atbothend, 
| ; ie, The) 


Chap. 14.] ° dmethy/ts, Garnets, &Fe, ror 


7. The amethyft is a gem of a violet colour, ot 
great brilliancy, and as hard as the beft kinds of 
achies: and fapphires, from which it only differs in 
its colour.’ ‘This is called the oriental amethytft, 
and is very rare; when it approaches to the purple, 
or rofe colour, it is more efteemed than Bia it 
inclines to the blue. 

The amethyfts called occidental, are of the fame 
nature as rock cryftals, and have the fame grada- 
tions of colour. Cryftals within the geodes, or 
hollow agate-balls, are very often found of-an ame- 
thyft colour, and fome are very fine. 

8. The garnet, when tranfparent and of a fine 
colour, is reckoned among the gems; but it varies 
more than any, both with refpect to its form and 
colour, fome being of a deep and dark red, fome 
yellow and purple, and fome brown, black- 
ifh, and quite opake. The regular fhape of the 
garnet is the dodecagon, with rhomboidal faces, 
and its chief variation is, the double eight-fided 
pyramid, terminating by four faces on each end, 
In general their luftre is lefs than that of other 
gems, as well as their hardnefs, which yields to the 
file, though they fometimes {trike fire with fteel. 
Their colour proceeds from the iron which they 
contain; and, according to M. de Sauffure, even 
_ the fineft oriental garnets attract the magnetic 
needle at a {mall diftance. The Syrian garnet is 
the fineft, and moft efteemed: it is of a fine red, 
inclining to a purple colour, very diaphanous, but 
tefs brilliant than the oriental amethytft. 
© 9. The tourmalin has lately been brought much 
1s into 
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into notice by its remarkable property of becoming 
electrical, in confequence of the fimple application 
of heat. If it is immerfed in hot water, in which 
procefs no friction can be, fuppofed to happen, 
after it is removed it gives figns of contrary elec- 
tricity at the two eae tak of i its prifmatie 
form. 

The oriental tourmalins.are found in the ifland 
of Ceylon: they are tranfparent, of a dark brown 
yellow. From Brafil they are for the moft part 
green; but there are alfo fome red, blue, and yel- 
low. From Tyrol they are obtained of fo dark a 
green, as to appear opake. ‘They are alfo found 
in the mountains of Old Caftile in Spain, 

10.. The opal is a moft beautiful ftone, from the 
changeable appearance of its colours by refraction 
and reflection.. There are two kinds; one of which, 
the opal of Nonnius, appears olive-coloured by re- 
flection, and then appears to be opake ; but 
when held. againft the: light, it is found to be 
tranfparent, and then appears of a fine red colour. 
The white opal, of a glafs-like complexion, throws 
out green, yellow, purple, and bluith rays; but it is 
of a reddifh, or rather flame-colour, when held 
againit the light. 

The precious ftones are chiefly carta of the 
argillaceous and filiceous earths; of which the for- 
mer predominates. The diamond is alfo thought 
to contain a peculiar earth, of different proper- 


ties from thofe of any of the five earths above de- 
{cribed. 


ae On 
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On diffolving the very fubtle powder of the gems 
inadouble weight of vitriolic acid highly concen- 
trated, the refiduum, after evaporation, being wafhed 
with warm water, yields a metallic colouring fub- 
{tance,-and a {mall portion of lime. The metallic 
part, precipitated by what was in the old chemical no- 
menclature called a phlogifticated alkaline lixivium, 
yields a beautiful Pruffian blue; hence we conclude 
that the red colour of the ruby, as well as the blue 
of the fapphire, the yellow of the topaz, the tawny 
of the hyacinth, and the green of the emerald, are 
to be attributed to iron * 

Bergman obtained by aarti, from one hundred 
parts of the following precious ftones : 


Clay. Flint. Lime. Iron, 


Bieri, —— Go) me ba tio! Boe 
Sapphire, — 58 — 35 — §6§ — 2 
Topaz, — 46 — 39 — 38 — 6 
Hyacinth, —- 40 — 25 — 20 — 13 - 
Ruby, —40 — 39 — g9 — 410 


From the above it may be collected, that the 
gems agree in this refpect, that they all confift of 
the fame principles; and that of thefe the argilla- 
ceous earth forms the greateft part, then the filice- — 
ous, next the calcareous, and leaft of all the iron +. 
The gems, except the emerald and hyacinth, refift 
the moft intenfe fire; yet we know that the ruby 


* Bergman’s Differtations, p. 1s. 
+ Chemical Effays, Diff. 15. 
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has-been foftened in’ athe focus, ofa eta mir 
Loki , 
bene hefe Ronee all geen Shi pate of erifially: 
zation, and as this affects the arrangement of their,mi- 
‘nute parts, it doubtlefs is:not without effect on their 
external appearance., ‘Their value ‘depends on their 
hardnefs and, tranfparency. . ‘The degrees of hard- 
nefs are—s. diamond; ¢, ruby; 3, aking: 4, to- 
paz;. 5, hyacinth; 6, emerald. : 

‘The garnet differs from all a above, in the f- | 
liceous earth being. more prevalent ratty the argil- 
laceous. ; Stern Md ALT 
“Ti, Quaarz has lefs ‘ea alaaienbitd vied se fala 
than the precious ftones. ‘Lhe fracture of quartzofe 
ftones i is vitreous, or like glafs, and. they ftrike fire 
with ftecl.. Heat caufes them to lofe their, hardnefs 
and tranfparency, and reduces them to a white 
-opake earth. “They are generally cracked through- 7 
out, and break irregularly, and into fharp. frag- 
_ments. Melted with alkali they give a more folid 
and fixed glafs than any others of the filiceous order, 
When there is no interruption to their natural ac. 
cretion, their fubftance always cryftallizes into hex- 
agonal prifms, pointed at one or both ends. *Thefe 
occur if clefts, fiffures, and fmall veins in rocks. | 
Quartzofe ftones very: often contain metals,” 

No very remarkable ftones belong to this genus, 
The varieties are Fat quartz, which is very gloffy ; 
it Is either colourlefs, or is tinged with white, blue, ~ 


¥ Ghecatat Effays, Diff. :5, 
or 
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or violet. Dry quartz, tranfparent, white, or pale 
green. Sparry quartz, pale yellow, or pale blue. 
Cryftallized quartz is either opake or tran{parent 3 2 
the tranfparent and dark-brown kind is called 
{moky-topaz; the, yellow, blue, green, and red, 
falfe germs; and the colourlefs, rock cryftals; when 
milky, milk-cryftals, and pebbles. Quartz is alfo 
found combined with iron and ‘copper ; with the 
former it conftitutes a black calx, with the date a 
red calx.’ 


III. Fuinrs are more uniformly folid, and not 
fo much cracked in the mafs, as quartz; and are 
more pellucid than jafper. They are better for 
making glafs than the jafper, but not fo good as 
quartz, and feem in moft refpeéts to be of an inter- 
mediate nature between thefe ftones. Flint often 
fhews evident marks of having been in a foft and 
tough ftate, like glue or jelly. 

The feveral varieties of flints have obtained more 
diftinct names, from the variety of their colours, than - 
from any real difference in their fubftance; but 
thefe are ftill proper to be retained, as the only 
names by which jewellers and others are ufed to 
caine them. 

. Jade, lapis nephriticus. This ftone feels 
ie to the touch, but is fo hard as to ftrike 
fire with ftee!, and is alfo femipellucid. Thefe lar- 
ter circumftances fufficiently denote its flinty nature; 
though its un@tuofity has induced fome ‘mineral- 
logifts to think that it ought rather to be referred 
to the argillaceous of magnefian orders, It is not 

hig hardened 
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hardened by the heat of the furnace, but it melts by 
. the folar heat, in the focus of a burning mirror, into 
a-green glafs, That called by the name of cir- 
cumcifion-{tone, which comes from the Amazon 
river, melts more ‘eafily by the concentrated rays 
of the fun into a brown opake glafs. The colour 
of thefe {tones is either milky, or different fhades 
of. green. -Thofe of a erey, olive, or yellowith 
s6liiet are the vulgar lapis nephriticus; which 


name they have obtained, from a fuppofed property 


of curing nephritic pains, when applied externally to 
the loins. Their femipellucid appearance, hard- 
nefs, and fpecific gravity, are characters by which 
the lapis nephriticus may be spunk Seniaes from ther 
{tones. 

2. The cat’s eye is a very fcarce ftone. It is 
opake; and reflects green and yellow rays, in a man- 
ner fomewhat fimilar to the eye. of the animal 
from which its name is derived: It is found in Si+ 
beria. 

3. The Hydrophanes, or oculus Sar The cha 
raéter which’ diftinguifhes this from all other ftones 
is its property of becoming tranfparent in confe- 
quence of being immerfed in water. This happens 
from its imbibing that fluid, as it becomes again 
opake by being dried. 

‘This circumftance may be illuftrated by a com- 
parifon with fome other natural phenomena. The 
appearance of clouds ferves to fhew that par- 
ticles of water, copioufly mixed with thofe of air, — 
prevent the tranfmiffion of light, and render the 
mafs more or lefs opake, although the particles of 

¢ach, 
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each, féparately taken, are pellucid. The caufe of this 
is to be fought for in the difference of the refracting 
power ; for, by means of that, the rays are turned 
from their original courfe at every particle, a cir- 
cumftance which is very injurious to tran{parency. 
A common experiment will ftill more clearly elu- 
cidate this point. The moft tranfparent glafs, when 
reduced to powder, becomes opake, becaufe the air 
which now occupies the interftices reflects the light 
much more copioulfly than the particles of glafs. But 
upon pouring on water, which difplaces the air, and. 
which differs lefs from the glafs injts refracting 
power, a certain degree of ashi, is reftored, 
On this principle depends the nature of the hydro- 
phanous {tone, which is opake when dry, but gra- 
dually acquires tranfparency by lying in water, 
This ftone agrees nearly in fpecific gravity with 
water, at leaft is not more diftant from it than elafs, 
Its particles are tranfparent, but it is uniformly 
perforated by invifible foramina, fo that the ay and 
water are admitted, but not readily. When dry, 
therefore, on account of the great difference of the 
mediums between the particles of the ftone and 
thofe of the air, it is opake 3 but when the water 
is gradually imbibed, it grows by degrees pellucid, 

beginning at the furface, and proceeding towards the 
centre.. ‘That the hydrophanes abforbs moifture 
and emits air, which is a fluid of much lefs denfity, 
appears from the weight it acquires, and the {mall 
bubbles which cover its furface during the time it 
as acquiring it tranfparency. 


4. Moon- 
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4, Moon-ftone, ‘or/ rainbow-{tone, reflects light 
_of pearl and carnation colours: Its fracture’ is 
foliated, and its colour pale blue and milky. 


5. Chalcedony, or white agate.—This ftone is 


ufually cut witha convex furface, and receives a good 


polifh. Its degree of hardnefs is intermediate, bes 


tween that of the onyx and the true agate. It 1s 
femitranfparent, and its colour is ‘ofally very fit s 


Jar to that of milk diluted with water. : 

6. The onyx is the hardeft of flints. Its ufual 
colour is that of the human nails. It is either mark- 
ed with white lines only, or with black and white 


together. Heat deprives it of colour, and, if fud- 


denly applied, cracks it. 
- 4, "Fhe carnelion derivesits name from its refem- 
blance to the colour of flefh. ‘It is either quite red 


or of different fhades of red, with brown and yel- © 


fay LE 
8. The fardonyx is a mixture of the biatéelony 


and carnelion, fometimes difpofed in {trata, and © 
fometimes confufedly blended and mixed together. © 


Its colours are therefore a mixture of white and 


red, xfometimes in ftnipes, fometimes: irregularly 


‘notched. 


g. Agate. This name is given to Aints that are ~ 
variegated with different colours promifcuoufly — 


blended together, and they are ‘efteemed in pro- 
portion to the mixture and poet of their co- 
jours. ‘ 


fame nature with agate, but wanting the beautiful 


| and yariqus’ colours of the. fabiances that bear that — 


ta 


10. Common flint or pebble, is in reality of i : 
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name. Chalk and white lime-ftone are ufually the 
matrices of flints, in which they are imbedded in 
the form of nodules, iambic of nuclei involved 
ina cruft. 

11. Chert is lefs hard and tranfparent than the 
common flint. It is not in general found 
in loofe and fingle irregular daciiled but forms 
veins in rocks. Chibi are found of a flefh- colour, 
white, pale yellow, and greenifh, and feem to be 
of an intermediate nature + between Aine flints and 
jafpers. 

Sand and gravel may be confidered as dinty mat- 
ters, torn away from the rocks in which they orisi- 
nally exifted, and afterwards worn and fmoothed by 
the attrition occafioned by the motion of water. Sand 
and gravel, however, confift of all the variety of 
ftony matters which exifted in the maffes from 
which they proceeded, and are therefore found of 
many different colours and properties. 


IV. The name of saspers is given to all’ the 
opake filiceous ftones, which in their texture re- 
femble dried clay. The principal circumftance, 
belides their appearance, which diftinguifhes them 
. from the other filiceous orders, is their more eafily 
melting in the fire. ‘They in general contain much 
iron, ‘They are very hard, and admit a good polith; 
and they are variegated with different colours. They 
are feldom ranged in ftrata, but form confiderable 
maffes and veyns in rocks. ‘They are alfo found in 
Aimall round maffes. The principal fpecies of jafpers 
are ‘the following —the white, grey, yellow, red, 
brown, green, THe , fpotted, flowered, and green 


i with 


tt0 Labrador Stone, Cockle, Fc. [Book VL 


with red points, or blood-ftone. Toys, and more 
efpecially cups and faucers, are made of jafper. 
Many antique fculptures are in {tones of this nature. 


V. The moft common kind of FELDT-sPAR is 
formed of rhombic lamine, and has therefore ob- 
tained the name of rhombic quartz. It gives fire with 
fteel, whence it has been called fpathum {cintillans. 
It is harder than the f{chifti, and is fufible. It is found 
in loofe maffes, two inches long, or mixed with 
fand, clay, &c. or bedded in granite. It 1s ufed 
in making china at Drefden. Its colours are white; 
red, brown, pale yellow, or greenifh, 

The Labrador-ftone is generally claffed with the 
feldt-fpars. It admits of avery fine polifh, and when 
in that ftate reflects a variety of beautiful colours. 
The ftone itfelf is Of different fhades of orey. 


VI. Surez or cocx te, of different fhades of green; 
and the various fpecies of whetftones, are alfo com- 
monly referred to the filiceous order, though the 
latter are generally in fome meafure compound. 


The ufes of the Ainty fubftances are various, and 

have been partly intimated ; but there is one art, in 

which their ufe is too confpicuous to be paffed over 
in filence. 

The art of making glafs depends on the fufion of 
earthy fubftances, a whieh the flinty earth 1s the 
beft, and for that reafon is called vitrifiable. But as . 
earths cannot eafily be fufed without mixture, it isne- 
ceffary to add certain fubftances which may pro- 
mote the vitrification. In the making of ordi- 
nary elafs, two parts of fand, or other filiceous mat- 

ter, 
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ter, are mixed-with about one of fixed alkali, If 
the glafs is not required to be tranfparent, im- 
pure ailaahi, not freed-from the afhes, is employed ; 
but in making the finer and moft tranfparent kinds 
of glafs, care is taken to purify both the earth 
and the alkali. One of the chief points to be ob- 
ferved in the making of glafs is to heat the mix- 
ture gradually, fo that the elaftic fluids may efcape 
before the materials cohere, as the ingredients are 
otherwife apt to be fo {welled by the difengagement 
of air as'to be loft by howing over the fides of the 
veffel in which they are heated. In order to pre- 
vent this, due proportions of fand and alkali are 
mixed together, and expofed, during a confiderable 
time, to a red heat, not intenfe maul to melt them. 
By this calcination the inflammable matters, which 
would have impaired the colour of the glafs, are 
confumed, and the air expelled. This firft mixture 
of the materials of elafs, after being treated in this 
manner, 1s called the fritz. 

The due degree of heat is an, effential point in 
making of glafs: it ought not only to be very ftrong, 
but alfo piamined during a longtime. In great 
manufactories the glafs is kept fufed during ten or 
twelve hours before it is taken out of the pots. The 
ingredients are thus more completely melted, and 
_ more thoroughly mixed, and the appearance of 
threads or'veins is in fomemeafure prevented, which 
proceed from the different denfity of different portions 
of the glafs, and which therefore act differently on 

the rays of light, T he RES poe of glaffes. are 
: moft 
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moft fenfibly felt i in the conftruction of optical ins 
ftruments. | , 
Good glafs, although kept in fufion for a io 
time in a great heat, is never perfectly liquid. © v4 
is always fatnelwhile thick, and when taken out may 
be drawn into fine threads. “Vhe great ductility — 
and flexibility of red hot glafs § “fits it for being, 
- reduced into any form. In general the glafs is 
taken out of the pots in which itis fufed by means 
of aniron tube. When a fufficient quantity of the 
glafs is collected at the extremity of the tube, the 
workman begins to blow thro’ it, and thus inflates the 
glafs. He occafionally rolls it, in order to form it 
into a cylinder, a cone, &c. andifit becomes too cold, 
he heats it by holding it before the mouth of the fara 
nace. Glafs, in its tough ftate, may be cut with 
fhears, bended with pincers, prefied 1 into moulds, and 
wrought, in a variety of methods dependent on thefe 
properties, into the vaft variety of forms which it is 
made to aflume. Glefs veffels, as foon as made, are’ 
carried to an oven, in which they are gradually cool- 
ed; for without thts procefs, which is called annealing, 
they would either break in the cooling, or be liable © 
afterwards to be broken by the ighteft force. 
The principal defects of glafs are colours, veins, 
and bubbles. ‘The colours which generally 1 injure 
the common alkaline glafs are thades of green, blue, 
and olive. Thefe are moft effe€tually removed by © 
the addition of a fmall quantity of manganefe. The » 
caufe of the veins has been already explained, and - 
that of the bubbles depends on the imperfect expul- 
fion of air. 


There 
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The addition of calx of lead to glafs renders it 
much more denfe, and lefs liable to be broken. Ar- 
tificial gems are only the beft kinds of glafs, coloured 
with different metals; but the modes of applying 
the feveral metals to this ufe will be mentioned when 
treating of them. 

There are two toys made of unannealed olats, 
which, though commonly ufed for the amufement of 

-children, Bernt chenomena which juftly intereft 
the curiofity of the philofopher. When a drop of 
melted glafs is fuffered to fall into water, it affumes 
an oval form, with a tail or neck refembling the 
retort of a chemift. Thisis called Prince Rupert’s 
drop, and poflefies the fingular property, that if 
the fmalleft portion is. broken off, the whole drop 
flies into powder with a kind of explofion, and a 
confiderable fhock is communicated to the hand 
that grafps it*. The other is called the philofophical 
phial, which is a fmail cylindrical veffel of glafs, 
open at the upper end, and rounded at the bottom, 
It is generally made of glafs fo thick that ic will bear 
a fmart blow again‘ a hard body without breaking, 
but if a {mall pebble or piece of flint is let fall into 
it, it immediately cracks ‘and flies in pieces. This 
_ veffel is formed upon fimilar principles with Prince 
~Rupert’s drop, it confifts of glafs fuddenly cooled, 
and, I fufpect, by immerfion in water, 


* Honour is like that glaffy bubble, 
- That gives philofophers fuch trouble s 
- The one part crack’d, the whole will fly, . 
And wits are crack’d to find out why, 
Hupisras, 
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Various explanations have been offered of thefe 
facts. The moft generally received is founded on 
the affumption that the dimenfions of bodies which 
are fuddenly cooled remain larger than if the cool- 
ing had been more gradual. The dimenfions, 
therefore, of the fmooth external furface of thefe 
glaffes, which are fuddenly cooled, are fuppofed to 
be larger than is adapted to the accurate envelope- 
ment of the internal part, which is neceflarily cool- 
ed in a more gradual manner; if, therefore, by a 
crack or rafure, a folution of the continuity takes 
place in the external furface, the fudden aétion of | 
the parts which remained in a ftate of tenfion, to 
recover that of perfect cohefion, is fuppof ed to effect 
the deftruction of the mafs. 
This explanation I confefs has not appeared to me 
fatisfactory, and I have been inclined to fufpect that 
the phenomenon arifes either from a quantity of 
air being included in the fubftance of the elafs, 
which rufhes fuddenly out, on the furface which in-' 
cludes it being broken; or that by the fudden cool- 
ing the pores of the glafs are fealed up by the fine 
fHooth furface, and contain little or no air, fo that 
‘on the continuity of that furface being interrupted, 
the air fuddenly rufhing into all the pores of the 
eat may effect its diffolution. Fhat the whole 
effect depends on defkroying the continuity of the 
furface, I have fufficiently proved; for unlefs the flint 
or pebble which is let fall into the philofophical phial - 
is large and:angular enough to fcratch the furface — 
of the olafs, it will not: bredle’ To afcertain whe- 
‘ther the fracture of thefe toys depends or not upon 


se: 


¥ 
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the air, a few experiments might be made on Prince: 
Rupert’s drops in'a vacuum; when, if it proceeds’ 
from air included inthe drop, the explofion will be 
more violent, or the drop would, perhaps, fpon- 
faneoufly burft; and if from the contrary caufe; 
it will not break at all in vacuo.- 

I know not whether I am correét in introducing 
in this place a kind of mineral fubftance called Slick- 
enfides, which is mentioned by Mr. Whitehurft *, as 
J am not even certain that it belongs to the 
filiceous genus, but the fimilarity in the pherfomena 
which it exhibits to thofe of the Rupert’s drop 
and the philofophic phial muft be my apology. It 
may be a volcanic production, and may have under- 
sone a fudden cooling, from fome accidental caufe 
feditar to that of the glafs of which I have beer 
treating. 

This ftone has the appearance of black marble, 
and breaks where the explofion happens with a 
polifhed furface, not truly plane, but lying in waves, 
It is found in fiffures of lime-ftone in Haycliff 
and Ladywath mines at Eyam, and in Oden at 
Caftleton, in Derbyfhire. It is divided into two 
equal parts or flabs, by a line parallel tothe fides of 
the fiflure, and thefe flabs are joined by two polifhed 
faces, which feem to be in perfect contaé& without 
any cohefion. The furfaces are coloured with lead — 
ore, ora fubftance very much refembling it, but as 
thin as acovering from a black lead “pencil: if 
a fharp-pointed tool; which the workmen calla 


® QObfervations on the Strata in Derbyshire, p. 185. 
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pick, is drawn over the vein with fome force, the. 
mineral begins to crackle like fulphur excited by 
electricity ; in a few minutes after which the lamin 
explode with violence,.and fly out as if they had 
had been blafted with gun-powder, infomuch that 
the weight of forty tons has been blown out toge- 
ther. ‘Thefe dangerous effects deterred the work- 
men from proceeding for feveral years; but at 
length it occurred to them that this power might 
be ufed for the carrying on of their works with 
better advantage than by the common method of 
blafting with gun-powder. Accordingly a work- 
man makes a fcratch with his tool upon the joint 
of the flickenfides, and runs away as faft as he can, 
to efcape the explofion ; which, it is faid, loofens as — 
much of the rock as ten men would have brought 
away in three months, by the ordinary methods, 


CHAP, 
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COMPOUND EARTHS. 


Definition of this Genus—Various compound Stones. 


N a ftrict fenfe al] earths and ftones, as they exift 
in nature, may be denominated compound, as 
there are none which are wholly fimple. By com- 
pound earths, however, is here meant fuch as are 
formed of two or more kinds of ftony matter, and 
which in general conftitute a mafs of an heteroge- 
neous appearance. In treating of thefe fubftances, 
the arrangement of M. Daubenton appears the 
moft perfect and commodious. 


Mixed Stones, 


OF TWO GENERA. 


Quartz and fcintillating fpar -  Granitin. - 
Quartz and fchirl - - -= ~~  Granitello,- 
Quartz and fteatites - - = Quartzofe fteatites. 
Quartz and mica .- - = = Micaceous quartz, 


Micaceous cryftal. 
1 Garnet on grit 
ftone. 
2 Garnet in grit 
ftone. 


L3 Quartz, 


Tranfparent quartz and mica 


Quartz in grit and gem ftone 


b 
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Quartz in gritand mica - = Micaceous grit. ‘ 

Quartz in grit and calcareous (1 Cryftallized grit. 
entree. Maen ele eee 2 Grit in ftalactites, 

Quartz in fand and opake ¢ fandy and filice- 
ones. <6 ae ous breccias. 


; : insane 
Quartz in fand and fchiftus aes ating {chiftug 


hornfione. trap. 
_ Quartz in fand and zeolite” - — fcintillating pes 
Scintillating fpar and pafte, or 
- ophites. 
cement, of fchirl - 
Semi- tranfparent eae ay a ans agate,or 
opake {tone = agatized jafper. . 
os micaceous fpathofe 
| fchirl. 
Schiftus and mica - - - micaceous {chiftus. 
Schiftus and marble ms om, eon Blorente marble. 
-1 green Egyptian marble, 
z fea-green marble. , 


Serpentine and marble - 3 green antique marble. 
4 green marble of Suza. 
5 green: marble of Varalta, 


Schorl and mica. - 


Ponderous fpar and calca- 


; ¢ alkaline Sonaeeal {par. 
reous matter) |= we’ A Fe es 


OF THREE GENERA, 
Quartz in fand, fciftus, and 
HCA a PRE Fe 
Quartz, gem, and mica = - garnet rock. 
uartzofe pafte, fcintillatine fpar 
Que : Hs% 5 IPS porphyry. 
in large fragments, and fchorl | 
Quartzofe pafte, {cintillating {par } ferpentine. bard etn 
jn large fragments, and fchorl }  Pentine.s 


Quartz, 
Ok Re 


mt Rough whet-fione, 
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Quartz, fchirl, and fteatites. - — tuberculous rock. 


Quartz, icintillating fpar, and? 
oh EE Re ed ea ae  Branite. 


OF FOUR GENERA. 


Quartz, fcintillating {car, {chirl be 
granite. 
Gidea) ).-  -' 6): 
OF SEVERAL GENERA, MORE OR | 
_ LESS IN NUMBER, UNITED IN univerfal breccias. 
BREcCI‘S if 2 AL 


DOUBLE BRECCIAS. 


1 Fragments of porphyry, with a pafte of 
poche : 
2 Fragments of granite, with a pafte of 
{chorl, | 


Varieties. 


Lae wut, Crna 


~ 


{ 


: bie HR [Book Vib. 


Co die) VI 


VOLCANIC PRODUCTS. 


* 
he i ‘ 


Lava—Difierent Kinds.——Progre/s of a River of Lavaiotins 
pound Parts of Lava,—-Pumice Stone.—Bafaltes—Trapp.— 


Terra Puxzolana. 


I. AVA is of very various appearance, accord- 


3 ing to its compofition, and its more or lefs - 


perfect vitrification, The materials of which lavas 
confift, are the common fubftances to be found every 
where in the earth, namely, ftones, metallic ores, clay, 


~fand, &c.; and as there is room for great variety in 


* 


the combinations of thefe fubftances, the melted 


maffes formed by them muft in diferent circum- 
{tances be very various... Some lavas are very 
eompact, and receive a beautiful polith, exhibiting 
ereat variety of colours and forms. Others are ex- 
tremely porous, and mixed with {coria. or drof. 
On the different confiftence of lavas depends their 
Capacity for being converted into mould, capable 
of fupporting vegetables. Some lavas have a ten- 
dency to crumble into duft immediately on iffuing 
from the-crater; others are a perfect olafs, and are 
calculated to refilt for a long time every approaeh 
towards diffolution. 


Lava, when firft thrown out from the crater ‘ofa. 
volcano, is an uniform liquid mafs, and flows down 


othe 


Pe 
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the fide of the mountain with confiderable rapidity. i 
From lofs of heat, however, its furface is foon 
cqnverted into a tough and black eruft, which, as 
it becomes thicker, spatial impedes the proerefs 
of the fluid lava which is contained withinit.. This 
cruft is frequently broken, when the ftream of lava 
tefembles a river with mafies of ice floating on its 
furface. Fluid lava fometimes flows for a confi- 
derable diftance, under the tenacious: fcum, and 
again appears beyond it in all its {plendour. In the 
night time the courfe of the lava appears like 
flame, but no real flame ever exifts, unlefs the lava 
in its progrefs happens to meet with combuftible 
\matter. In the day-time its courfe is marked by a 
thick white {moke. 

Mr. Kirwan divides lavas into three kinds, the 
cellular, the compact, and the vitreous. All lavas 
are more or. lefs magnetic, give fire with fteel, are 
of a granular texture, and melt without the addition 
of other fubftances. The cellular lavas are fuch as 
have undergone only the firft and loweft degree of 
fufion, being juft foftened and heated iufficiently to 
expel the ‘ea air contained in the matter from 
which they are formed, which feems to be argilla- 
ceous flate; hence they abound in fmall cavities 
coccafioned by the expanfion of that air. The f{pe- 
cific gravity of fome lavas from thefe cavities is {o- 
fmall, that they float for fome time on water. From 
this circumftance they have fometimes been mifta- 
ken for pumice-ftone; but they differ from it, be- 
caufe their texture is never filamentous. The per- 
fectly vitrified lavas muft have been expofed to an 


immenfe 
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immenfe heat, as they are very difficultly fufed. 


without addition. M. Sauffure has ingenioufly 
imitated all the different kinds of lavas, by diffe- 
rent degrees of fufion of the earthy fubftances from 


which they are formed. M. Bergman analyzed a 


fpecimen of the perfect kind, and found an hundred 
parts to confift’ of forty-nine of filiceous earth, 
thirty-five of argillaceous, pout of calcareous earth, 
and twelve of iron. 

The beds of Lda are deepett ae narroweft near 
the crater, and broader and fhallower as they ad- 
vance, unlefs fome valley intervenes. Pumice- 
{tones lie at a ftill greater diftance; and from thefe 
obfervations, fays Mr. Kirwan, extinguifhed volca- 
noes may be traced. The quantities of matter 
thrown out of volcanoes at one eruption,’ are often 
fo great as to cover a fpace of country of many 
piles, and to be many years in cooling. 


II. Pumice-srone feems to be rather a volcanic 
ejection than a volcanic product. Its colours are 


grey, white, and reddifh brown. It is hard, rough, 


porous, confifts of flender fibres parallel to each 


other, is very light, and with difficulty gives fire with 


fteel. It feems to have been originally an atbeftos 
decompofed by the action of fire. One hundred 
parts contain from fix to fifteen of magnefia, with a 
{mall portion of calcareous earth; the remainder is 
chiefly filex.. Pumice-ftone fwims on water. It is 
ufed to fmooth rough furfaces, and, in a ftate of 
powder, 1 in various Bete of manufacture, chietly 
for polithing. : 


The Ba- 
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III. Basaures isa ftone of a dark grey colour, CO- 
vered with a ferrugineous cruft, and generally cry!- 
tallized in opake rrigwmulen or polyangular columns. 
When it is amorphous*, and breaks into large, — 
thick, fquare pieces, it is called ¢rapp. When 
heated red hot, and quenched in water, it becomes 
by degrees of a reddifh brown. It melts without 
mixture into a perfect flag. One hundred parts con- 
tain fifty-two filiceous, fifteen argillaceous, three 
calcareous, twoof magnefian earth, and twenty-five 
of iron. Bafaltes fometimes is found in large co- 
lumns with convex and concave articulations, fo as 
to refemble an artificial ftructure: of this kind are 
the bafaltic pillars in Ireland, called the Giant’s 
Caufeway. 

Glafs, in cooling, has been known to affume the 
regular bafaltic form. Sir William Hamilton re- 
marked, both in Sicily and Naples, that fuch lavas 
as have run into the fea are either formed into re- 
gular bafaltes, or have a great tendency to that 
form. 


IV. Terra Puzzouana or Terras, is a volcanic 
production, of a grey, brown, yellowith or blackith 
colour, loofe, granular, or dufty and rough, porous 
_and fpongy, refembling a clay hardened in the fire, 
and then reduced to a grofs powder. Its moft diftin- 
guifhing property is, ee when mixed with about 
one-third of its weight of lime and water, it hardens 
very fuddenly, and forms a cement which is more du- 
rable in water than any other. Its indurating power 


feems to arife from the dry ftate of the half-baked 


* Not of a regular form. ; 
} argillaceoug - 
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argillaceous particles, which caufes them to imbibe 
"water very rapidly, and thus the deficcation of the 
calcareous earth 1s accelerated. It is found not 
only in Italy, but alfo in France, in the provinces of . 
Auvergne and Limoges, and alfo in England and — 
elfewhere. According to Bergman’s analyfis, one 
Hundred parts contain from fifty-five to fixty of 
filiceous earth nineteen or twenty of argilldceous, 
five or fix of calcareous, and from. fifteen to 
twenty of iron. : 


CHap, 
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Cuar. XVII. 


METALS. 

Uyjes of Metals.—T heir Properties —Weight, Opacity, Malleabi= 
lity, Ducility, Fufibility.—Mix with each other. heir Inflam- 
mability.—Calcination—Entire and Semi-metals, Pu Perfea and 
smperfec?.—Natural Hiftory of Metals.——_Working of [d.nes.— 
Afja ying. — Smelting. —Union with Acids. rhe ee of other Sub- 
flances on Metals, 


TETALLIC fubftances are valuable for their 
M durability, their capacity of affuming and 
retaining ali forts of forms and impreffions; the 
ehidiyet of their texture, which renders them ca- 
pable of polith ; the firm cohefion of their particles, 

which renders them highly proper for utenfils, 
where great ftrength is required to be combined 
with moderate bulk. Several of the metals are alfo 
highly ufeful as medicines. 

The firft and moft obvious property of metals is 
their remarkable weight, in which they exceed all 
other bodies. By this circumftance they are diftin- 
-guifhed from earths; the lighteft of metals, which is 
tin, being feven times the weight of water, whereas 
the heavieft earth is only between four and five 
times the weight of water. — 

Metallic fub{tances are by far the moft shine! of 
all bodies. The moft ees {tone divided into 

thin 
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thin plates, has more or lefs of tranfparency, where» 


as gold is the ‘only metal which admits of being re- 
duced to fuch a degree of thinnefs as to afford the 


-fmalleft perceptible tranfmiffion of light. Goldin 


leaf, which is about +,.‘so~ part of an inch’ in 


thicknefs, tranfmits light of a lively green colour ; ' 
but filver and brafs leaf are perfectly opake. — 


The opacity of metallic bodies renders them ex- 
ceedingly proper for reflecting the rays of light, as 
no bodies poffefs this property in fo eminent a degree. 
T hus we obferve that glafs reflects objects very imper- 
feétly, unlefs coated with metal, as in looking-elaffes.. 
The capacity of refleGting light depends on the de-. 
gree of polifh and the Siteeaale of furface, confe- 
quently white metallic fubftances refle& a greater 
quantity of light, and are more brilliant, than thefe 
which are alata 

A property which feems to belong Lenitivele to 
metals, and yet not to all of them, is malleability. 
‘This confifts in a capacity of having their fubftance 


extended, and their furface increafed, eitherin breadth 


or length; without being liable to fracture. The 
capacity, however, of ‘being extended in length 
and breadth isnot exactly the fame, for wibeals 


which admit of extenfion under the hammer cans ~ 
not always be drawn into wire, which property is» 


diftinouifhed from the other by the term duttility. 
Beating always reduces metals to a ftate of rigi- 
dity and brittlenefs. To remedy this, the metals 
are generally heated red hot, and cooled again flow- 
ly; in this cafe their malleability willbe increafed, and 
this is called annealing them. Crammer fays; that 

: I , vi 


A 


\ 
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if gold is annealed in this manner the tout will be. 
opake, and that the tranfmiffion of light through 
ordinary gold leaf depends on fimall cracks and 
-flaws in the metal. If this affertion is true, it 
will in a great meafure eftablith the perfect opacity 
of metallic fubftances. Metals, when. hammered, 
give out a degree of heat, and at the fame time be- 
come brittle; and the only method of reftoring 
their malleability is to expofe them to the aétion of 
heat, and to fuffer as much of this as poffible to fix 
itfelf in their fubftance, by cooling them gradually,. 
From thefe facts it is probable that the malleability 
of metals, as well as fluidity and elafticity in general, 
depends on the particles of bodies being kept at a 
_diftance by the prefence of latent heat. 

Metals are the beft conductors of electricity of all 
bodies. 

Metals are fufible by heat, and one of them 
(mercury) i is well known to exift in a ftate of fufion 
in the ordinary temperature of the atmofphere. 
The particles of metals have a remarkably ftrong 
attraction for each other, which is evinced by {mall 
portions of metal, when in a ftate of fufion, having 
a tendency to aflume a globular form. 

Moft metals will uniformly mix in all propor- 
tions with each other; the {pecific gravities, how- 
ever, of thefe compounds is fcarcely ever fuch, as 
would be mathematically deduced from the fpecific 
gravities of the metals employed, on the fuppofi- — 
tion of their junction by fimple contact. Mixtures 
of metals are more fufible than’ might be expefted 
from the degree of fufibility of their component 

parts, 
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parts, and are therefore i ag ufed as 


folders. 


-— 


Itis found that metals ee after having been 


fufed, are fuffered to: cool gradually, evince a ten- 


deney to affume a regular figure, and to mages 


in general in'an octahedral form. 

Metals, in-their fplendid or reguline ftate, ee a 
confiderable attraCtion for oxygen, and are in this re- 
fpect nearly allied tothe inflammable fubftances. Iron. 
burns with a bright flame when heated to a certain 
degree, and immerfed in vital air ; and a mixture of 
tin and nitre produces a violent deflagration. Zinc, 
when heated and-acted. on only by common atmo- 


- fpheric.air, burns with a bright and vivid flame like 


phofphorus. It 1s. remarkable that mixtures of — 


~ metals calcine more eafily than the metals in’ a fepa- 
rate ftate.. hus a mixture of lead and ‘tin, neicher 
of which, when feparate,. afford heat and light, in 
their mixture produce both, and the calcination is 


remarkably rapid. » From the addition: of oxygen 
the weighr of the calx is greater than that of the. 
quantity of the metal from: which it was! produced. ; 


In fome metals, however, the attraétion for oxygen 
is fo weak (as is the cafe with the finer metals) that it 


is only by par ticular procefles that they can be com- 


bined with it. Metals united with oxygen lofe their. 


fplendouir, malleability,-and texture, and: are eee 
minated calces. 

According to the old chemical rie the bats 

of a metal was deemed a fimple fubftance, and was 

called the earth or bafis of a metal; and it was fup- 

7 FORE that this Pei united with phlogifton, contti- 


tuted 
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tuted the metal in its perfect ftate. It is now; 
however, very fatisfactorily proved, that the me- 
tallic ftate is the more fimple, and that the calx is 
a combination of the metal with oxygen. Me- 
tals are reduced ftom the caléiform to'the reguline* 
or metallic ftate, by heating them in contact with 
fubftances which have a ftronger attraction for 
oxygen than themfelves, as charcoal, tallow, &c. 

Metals which are malleable are called entire mé- 
tals ; and thofe which are brittle, femi-metals. Mes 
tals are alfo diftinguifhed into perfect and imperfect, 
The perfect are fuch as are not calcined by being 
heated in contaét with air, and are three in num- 
ber, filver, gold, and platina: the other metals 
are calcined:1 in thofe circumftancés, and are called 
imperfect. It will eafily be underftood that thefe 
differences merely indicate different degrees of at- 
traction for oxygen; and as in this refpect, as. well 
asin regard to tnalleability, there aré numerous 
gradations among the metals, it will be neceflary 
to treat feokrately of each metal as a diftinét fub- 
ftance. I fhall begin ‘with fuch metals as have 
moft refemblance to the earths; and are therefore 
called femi- metals, and conclude with thofe which 
have the metallic properties “in the highett perfec-— 
tion. 

Thofe metallic bodies with sitiich we fire at 
prefent acquainted, and which we can reduce to the 
metallic or reguline ftate, are the following feven= 
teen : 


* The naine regulus was given by the fanciful alchemifts to 
the metallic button, found in the bottom of the crucible after 
an affay, from the idea that this button contained gold, which 
they called the Azg of metals. 


Vou, II, K 1, Arfenic 
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1. Arfenic. 
2. Molybdena. 

3. Tungtftein. 
4. Manganefe. 
5. Nickel. 
6. Cobalt. 
7. 
3. 


bn Jon ee) ee gene 


Semi-metals. 


Bifmuth. 
Antimony. 
g. Zinc. 4 


rovtlroniix aA 
11. Tin. 
14. Tieadss ayy 
13. Copper 

14. Mercury. J 
15. Silver. 
16. Gold. 4 
17. Platina. j 


Perf, Met. Imperfe& Metals, 


Of thefe the nine firft are called femi- Hetil: 
from defect of malleability ; the five following im- 
perfect metals, from their being calcineable by heat 
and air; and the three laft, perfeét, from their ca- 
pacity of refifting the action of heat and air without 
change. — 

Metals exift in a ftate of nature in Foul different 
forms. | 7 

1. They are ana" in a native ftate of purity, 
with all the metallic properties. Gold is always 
found in this ftate; filver, copper, mercury, bif- . 
muth, and arfenic often; iron feldom; and lead, 
zinc, and regulus of antimony ftill more rarely. 

'. 9, Metals are found in the ftate of earth or calx, 
without the metallic afpec, it often eI DHS 
ochres. : 

3. The common ftate, however, in which me-_ 
tals are found is that of ores. In this ftate they 
are either combined with fulphur or with fome me- — 

tal, the moft common of which is arfenic *. 
~ 4. The laft ftate in which metals are fourid, is 
_ that of a combination with faline fubftances, and al- 


* In this and the following ftate they are faid, in technical lan- — 
guage, to be mineralized ; thatis combined with fome other mi- 
neral fubfance. 

mot 
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moft always acids. The vitriolic acid is moft fre- 
quently found combined with metals, viz. zinc, lead, 
copper, and iron. The carbonic acid is alfo a :com- 
mon mineralizer, and the arfenical and phofphoric 
acids have likewife been difcovered in combination 
with metals. | 

Metallic fubftances are more commonly found 
in mountains than in plains, and almoft always in 
fuch mountains as form continued chains. It is in 
the ftratified mountains that metals moft abound, 
where the inclination of the ftrata, in confequence 
of the convulfions of nature, brings a variety of fub- 
{tances into view, which muft otherwife have been 
for ever concealed beneath the reach of human in- 
veltioation. There are entire mountains: which 
confift of iron ore, but in general the metallic part 
of a mountain is very inconfiderable in proportion ~ 
to the whole. ‘The ores fometimes run parallel to 
the ftony ftrata; the layer on which the ore is placed 
is called the: bed or floor of the mine; the other 
which covers it, is called the roof. Sometimes, how- 
ever, the metallic ftrata, which are always more 
irregular than the other {trata of which the mountain 
is compofed, interfect the bodies which furround 
them in a variety of directions. The metallic ores 
are accompanied with ftony matters, which feem to 
have been formed at the fametime. Thefe ftones 
are ufually quartz and fpar; they are called the rider 
or matrix * of the metal, and muft neither be con- 
founded with the mineralizing fubftance which is 


* So called from its frequently inclofing the ore. The 
{parry matters are alfo fometimes called by mineralogifts 
Zangues. 

K 2 intimately 
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intimately combined with the metal, nor with the ge~ 

neral.mafs of ftone, of which the mountain contain- 
ing the metal is compofed. It is obferved that the 
veaetables which gréw on metalliferous mountains 
are dry, the trees {mall, finuous, and deformed, and 
the fands often exhibit metallic colours. . Mineral 
metallic fprings are ufually found in the vicinity ; 
by the examination of which, and of the fands over 
which they flow, a> tolerably accurate: judgement 
may be formed of the metallic contents of the 
neighbouring ftrata. When metallic veins appear 
at the furface of the ‘earth, the ground» may be 
broken into with greatprobability -of advantage, 
and the boring inftrument, by bringing up)the fub- 
ftances which compofe the internal parts~of the 
~ mountain, together with the metallic minerals, 
ferves to thew their. quality, as well as the refiftance 
which may be expected 1 in digeine, 

Before a metallic vein is wrought with a view to 
profit, itis neceflary to afcertain the proportion of 
metal contained in it, and this-is called affaying, 
in thefe fmall trials the fufibility of the mafs is in-. 
creafed by the addition of three times the quantity 


of the black flux, which is made by burning:together 


two parts of tartar with one of nitre. The eerie 
of this compound increafes the fufibility of the 
ftony matter mixed with the ore, and confequently 
meth the metel an opportunity of feparating from 
it; while the charcoal contained in it, and which 
Bhondei from the impurity. of the tartary abftraéts 
the Hey of the ore, and reduces the metal to a 
reguline isn m. 


When 
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- When the operation has been properly performed, 
the metal, or regulus, is found in the form of a but- 
‘ton at the bottom of the mafs, and being weighed 
fhews the proportion of metal contained in the ore. 

This method is uted tn reducing fmall quantities, - 
4s in affaying of ores, but would be too expenfive 
in large’ operations. © They then mix the ores or 
caices with the fuel, but let as ‘little air as poffible 
pafs through it, as this would tend to re-calcine the 
metal. To-prevent this effect, a particular fort of 
furnace 1s employed, in which charcoal is chiefly uled. 

Tt frequently happens that the fame minerals con- 
tain the perfect metals mixed with the imperfeét ; 
thefe are feparated both in the fall and large way 
by heating the mixed mafs in contact with air. By 
this operation *the imperfect metal is reduced to. 
a calx, and leaves’ the perfect metal in a ftate of 
purity. If the remaining metallic matter is ftill a 
compound, and contains twovof) the perfect metals, 
thefe are feparated by expofing them, with as large 
‘a furface as poffibles to the action ofa menftruum, 
which has the property of diffolving one of them 
without the cther. mois 

There is alfo a method. of affaying in the 
humid way, by fubmitting the ores to the action of 
different acids ; but this is not fo practicable as the 
other. 

Inthe extraction of metals in the large way, theore 
is pounded, wafhed, roafted, {melted, and refined. By 
pounding, the ftony matters are feparated from the 
metallic, and the whole being then wafhed on in-- 
clined planes or tables, the ftony matter being 
lighter is wafhed away, while the metallic remains 

K 3 behind, 
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behind. The roafting or burning is intended to 
expel the volatile matters. Ores which contain 
much fulphur muft be roafted in the open air, but 
fuch as contain but little may be roafted in the fur- 
naces which afterwards ferve to fufe them. Some ores | 
are fufible alone, others require to be mixed with 
different fluxes. The methods of refining metals 
are extremely various, and depend on particular 
chemical affinities, which will be mentioned under 
the head of each metal. 

The falts, and of them the acids in particular, 2 
have great effect on metals. Metals unite with 
acids into compounds, many of which cryftallize. 
The corrofivenefs of the acid is abated by its union 
with the metal, but not in fo great a degree as by. 
its union with the alkalies or earths. Neitheris the . 
point of faturation fo well marked in the union of 
an acid with a metal as with an alkali. The fame 
acid may, in many cafes, be united to the fame 
metal in different proportions; when the acid is in © 
excefs the mafs is deliquefcent, when it is deficent 
it feems to produce little other effe& on the metal | 
than to deftroy its texture, and reduce it to a friable : 
and earthhke-ttate. | 
} Every metal, however, is not difpofed to unite 
with every acid, though fome unite with all; 
others with only one acid. The order alfo in which 
the acids attraét the metals is SER from. that 
in which they attract the alkalis. Metals. atcract 
the muriatic acid moft ftrongly, next the vitriolic, 
and laft the nitrous. Metals which diffolve in the. 
fame acid differ very much in the force with which 


they 
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they adhere to it, fo that they may be employed to 
precipitate one another. . Thus, if we add to the: 
folution of filvér in aqua-fortis,, quickfilver, it 
precipitates the filver; copper, the quickfilver j, 
iron or lead, the’ copper; and zinc, which pre- 
cipitates thefe, may itfelf be panier By an 
alkali, | 
The folution of apa in the acids. 1s attended. 
with the efcape of an elaftic vapour, and an effer-. 
vefcence. This was formerly adduced among the 
proofs for the exiftence of phlogifton, which, nied 
with a fmall quantity of the water.or acid, was — 
fuppofed to conftitute this-elaftic fluid, at the fame 
time that the metal, by its lofs, was deprived of its 
{plendour, &c. This appearance is now proved to 
arifé from a decompofition. either of the acid or 
the water, and the elaftic fluid differs in different 
cafes, according to the fource from which, it derives 
its origin; when it arifes from the decompofition of 
water, it is hydrogen or inflammable.gas, when 
from that of the nitrous acid, nitrous gas, &c. Be-. 
fore the metal can be diffolved, it :s neceflary that 
it fhould be oxygenated; and therefore.when. its. at~. 
traction 1s fufficiently ftrong, it decompofes. the acid 
or the water, by abftracting their oxygen. It. has, 
been already, remarked, that the muriati¢c acid. has 
the ftrongeft attraction for metals, and the. nitrous 
lefs than lake that or the vitriolic, ,. from merely 
obferving the action of thefe acids on.metals, how- 
ever, a different conclufion might; be drawn, for 
the nitrous acid acts with violence and rapidity in 
comparifon with the other two; and the muriatic, 
K 4 when - 
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when in its pureft flate, has the leaft action of the 
three. This. feeming inconfiftency depends'on the _ 
different degrees of attraétion which the bafes of the: 
different acids have for oxygen. The reafon, there-) — 
fore, vay fome metals cannot be diffolvedin particu) 
lar acids, is, that they have nota fufficiently ftrong at- 
tration for oxygen to decompofe the acid. If we 
feparate a metal troman acid by any fubftance which 
1s not capable of depriving it ofoxygen, we always 
’ obtain it in a calcined ftate. Thus gold, if precipitat- 
ed from its folution in aqua regia by an alkali, is a 
calx ; but if precipitated by any of the inflammable 
fabitances, as aromatic oils or fpirits of wine, or 
by another metal, it appears in the metallic form. 
If metals are calcined previous to being united with 
acids, they produce no efcape of gas, becauft being — 
already furnifhed with oxygen, they have no ten- — 
dency to decompofe the acid. 

Light appears to alter the cb] and brilliancy 
of fome metallic matters, independently of the ac- 
tion of air; far when expofed to light in tranfparent 
veffels well clofed, they become tarnithed, and lofe 
their metallic brilliancy. 

Heat applied to metals produces no bther effects. 
than expanfion and fufion, if the air is completely. 
excluded, unlefs carried to fuch a degree as to vola- 
tilize'thém; but-even in that cafe, when the heat 
ceafes to act, they return to their original ftate. Me- 
tals, on being converted into vapour, boil like 
other fluids, and even gold and filver are capable 
of this ftate when acted on by a large hs 
micron 


¢ 
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» Mott of the combuttible bodies aét on metals. 
Inflammable gas gives them a deeper colour, and 
‘is capable of teducing fome of them to the 
metallic ftate.» Sulphur, and its combinations 
with alkalies, called hepars, act Laima. on 
metals. 

From what is St ater known of wie there is 


every reafon to» believe at they are fimple 
fubftances. 
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Cuar, XVIII. 
ARSENIC. 


Natural Hiftory of Arfenico—Mode of reducing it to the metallic 
Form.—W bite Enamel. —Orpiment.—Realgar.—Jts Uje in Me- 
divine. x dreadful Poifon ; how to detec? it in the ia i 
A Remedy for the algae of Ayfenic. 


RSENIC is often found native, in black heavy 
maffes, but ‘noc very brilliant. It has fome- 
times the metallic luftre, and refleéts the colours of 
tne rainbow ; in its fracture itis more brilliant than 
at its furface, and feems compofed of a great num- 
ber of {mall fcales. Native arfenic is very eafily 
known, when it has the metallic brilliancy and fcaly, 
texture. Arfenic, however, is more frequently 
found in the form of flowers, or mixed with certain 
earths. Cobalt ores contain much arfenie, and 
that which is commonly fold is brought chiefly 
from the cobalt-works in Saxony. The ore is 
thrown into a furnace, refembling a baker’s ’ 
oven, with a flue or horizontal chimney, nearly. 
two hundred yards long, into which the fumes 
pafs, and are condenfed in the form of a grey or 
blackifh powder. This is refined by.a fecond fub- 
limation in clofe veffels, with a little pot-afh to de- 
tain the impurities. As the heat is confiderable, it 
melts the flowers into thofe white cryftalline mafies 
which are met with in commerce. 


The 
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The regulus is obtained from this fubftance, 
which is a calx of arfenic, by heating it with one- 
tenth of its weight of charcoal, or of any unctuous 
matter. The mixture is put intoa tall veffel, and a 
gradual and gentle heat applied to the lower part 
of it, while the upper 1s kept cool by the air. 
| The arfenic, when nearly red hot, parts with its 
oxygen, and rifes to the upper part of the veffel, 
where it is condenfed in the metallic form. To give 
it, however, its perfect metallic {plendour and opa- 
city, the fublimation muft be repeated, 

The regulus of arfenic is of a bright yellowifh 
white colour, very ponderous and friable, and fub- 
jet to tarnifh and become black on expofure to 
air. If heat is applied to the regulus in contac 
with air, it is volatilized before it melts, and is at 
the fame time imperfeétly calcined. The fumes 
are dangerous, and have a {trong and offenfive {mell, 
refembling that of garlic. 

The white calx of arfenic is fo farin a faline 
{tate as to be foluble in eighty times its weight of 
cold, or fifteen times that of boiling water. When 
diftilled with the nitrous acid, it decompofes that 
fluid by depriving it of part of its oxygen. The 
arfenic, by this addition of oxygen, is reduced to the 
ftate of an acid lefS volatile than either the regulus 
or, calx, but retaining the form of a white concrete 
fubftance. The okyasnated muriatic gas likewife 
reduces arfenic to the ftate of an acid. i 

Arfenic readily melts with other fubftances fo as 
to form glafs, and even promotes their fufion. At 
firft it always renders the glafs milky, but by a.con- 

tinuation 
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tinuation of heat the arfenic evaporates, and the 
glals becomes quite tranfparent. It isan. ingredient — 
in the white enamel} dial plates; and it forms thofe. 
white fpirals which are commen in the flalks of 
wine-glaffes. Oe | 
Sidpitit unites readily with arfenic into a com- 
pound more fufible than the arfenic itfelf. Orpiment 
4s a combination of arfenic and fulphur, of a yellow 
colour. It is found naturally in the earth, generally 
of an irregular form, and compofed of fhining flex- 
- tble lamine. Its fpecific gravity, according ‘to 
Kirwan, is 5,215, who alfo afferts that it contains 
~one-tenth part of its weight of fulphur. The fame 
author mentions, that sealant or the red combina- 
‘tion of arfenic and fulphur, contains fixteen parts 
“of fulphur in the hundred, and is of the fpecific | 
gravity of 3,225. Chaptal, however, obferves 
that the difference between realear and orpiment . 
does not confift in the proportions of fulphur, no- 
“thing more being neceflary in order to convert 
“arpiment into realgar, than expofure to a ftrong 
vheat. The violent action of arfenic on the animal 
machine is much abated by combination with ful- 
phur. Common white arfenic has fometimes been 
~fuccefsfully ufed in dofes of one-twelfth or one-fix- 
teenth of a grain. Received, however, in any eon- 
fiderable quantity into the body, it produces drynefs” 
of the mouth, heat in the throat, excruciating pains 
in the bowels, attended fometimes with vomiting of 
‘blood; cold ‘weats, &c. On diflection, the bowels - 
are found inflated and corroded. Many black and 
vid {pots ¢ appear on the flomach and fmall intel 
tines, . 
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tines, fometimes gangrenous. But thefe figns are not 
altogether to be depended on. Some of the arfenic 
is frequently found, and may be eafily diftinguithed. | 
‘Fhe powder is heavy, and eafily feperates from the 
lichter contents of the bowels, by wafhing with wa- 
ter; the arfenic always falling to the bottom. A very 
little of this is fufficient to give the fmell of garlic, 
and tinge copper white, if heat is applied to it. 

It was formerly ufual to give mucilaginous drinks, 
or milk or mild oils, to perfons poifoned by arfe- 
nic. But Navier, a phyfician of Chalohs, who has 
made experiments to afcertain the beft remedies 
again{t the poifon of arfenic, has difcovered a fub- 
ftance which combines with it in the humid way, 
and deftroys, in a great meafure, its cautticity. 
This fubftance is the calcareous or alkaline liver of 
fulphur, and is Still better adapted to the intention, 
when it holds a fimall quantity of iron in folution. 
When this mastial hepar is poured into a folution of 
arfenic, it is decompofed. without emitting any 
tmell, becauie the arfenic combines with the ful-. 
phur, and forms orpiment, and at the fame time 
unites with the iron. Navier prefcribes a.dram of 
the liver of fulphur in a pint of water, of «which he 
directs a glafs to be taken at a time; or five or fix 
grains of dry liver of fulphur may be given in pills, 
a glafs of warm water being given after each pill. 
When the firft fymptoms are diffipated, he recom- 
mends the fulphureous mineral fprings. Navier 
likewile approves the ufe of milk, becaufe it dif 
folyes the arfenic as well as water, but he ‘con- 

: demns 
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demns the ufe of oils, which have not that pros 3 
perty. . 

Arfenic fhews a ftrong difpofition to unite with 
all the metals except platina. By a mixture of it in 
its ordinary ftate with copper, a metal is produced 
refembling filver. It generally gives metals a. white 
colour, and renders aren brittle. 
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CHuap. XIX, 
MOLYBDEN Ay 


Short Account of this Sami metaleeMay be reduced to an Acid. — 
A fearce Mineral. _ 


HIS is a mineral fubftance, which has till 
lately been confounded with plumbago; but is 
now found to be a combination of a particular me- 
-tallic fubftance with fulphur. It is of a blackith 
colour, and confifts of fhining laminz, which have 
a degree of flexibility, fo as to be very difficultly 
reduced to powder. 
~ Molybdena reduced to its metallic form refem= 
bles lead in colour and fpecific gravity, but is very 
brittle, eafily calcined and volatilized, and will not 
mix with lead when in fufion. 

Molybdena is capable of being oxygenated fo far 
as to become an acid, in which ftate 1c is a concrete 
body, white and pulverulent, refembling chalk. 
This acid, heated with fulphur in a particular man- 
‘ner, is capable of being converted into a fubftance 
in every refpect the fame as native molybdena. 

This mineral is {carce. It is diftinguifhed from 
black lead by a more fhining, fcaly appearance; and 
it marks paper with a more brilliant ftroke. 


CHAP. 
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The Ove of Tung flein confounded with that of Tin -—-Where founds 
—Mode of reducing it to the reguline or metallic Sane. 


UNGSTEIN or wolfram is a Eee 

metal, the ore of which has frequently been 
confounded with that of tin. The fpecific gravity 
of this ore is to water as fix to one; in its forrh of 
cryftallization it refembles the garnet, and Varies if 
colour, from a pearl white to yellow. and reddith; it 
_is found in feveral parts of Saxony and Bohernia. 
The mineral called wolfram, which is frequent in 
the mines of Cornwal, is likewife an ore of this 
‘metal; in all thefe ores the metal is oxydated; and 
in fome of them it appears to be oxygenated to the 
ftate of an acid, being combined with hen. into 4. 
true tuneftat of lime*, 

The ae of this metal cannot be obtained fhe 
Sons the bodies with which it is united, without a 
particular procefs, which confiits in the alternate 
application of volatile alkali and marine acid, and — 
the fubfequent addition of the mitreus acid, as long 
as red fumes are produced. This calx or irnperfet 
acid has the colour of brimftone, and is fcarcely fo- 
Juble in water. By being debit ea in a crucible 


* Lavonfier’s Chemiftry. | 
with 
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with charcoal, to a ftrong heat, a regulus of tung- 
{tein may be obtained, which is a brown mafs, con- 
fifting of a congeries of metallic globules; and again 
becomes yellow by calcination. The regulus is not’ 
acted on by the vitriolic and marine acids; the ni- 
trous acid, however, and aqua-regia, act on it, and. 
by oxygenating it reduce it to its calciform ftate. 
M. Lavoifier recommends the following procefs 

for obtaining the calx of tungftein: Mix one part 
of ore of tungftein with four parts.of mild vegetable 
alkali, and melt the mixture in a crucible, which 
ought to be of platina; then powder, and pour on 
twelve parts of boiling water ; add pale nitrous acid, 
and the tungftenic acid precipitates in a concrete 
form. Afterwards, to infure the complete oxyge- 
“nation of the metal, add more pale nitrous acid, 
and evaporate to drynefs, repeating this operation 
as long as red fumes are produced from the acid. 
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CHuap. XXI. 
MANGANESE. 


Natural Hiftory of Mangane/e. —Its Effects on Glafs.m—Regulus op 
. Metal. —Black Wad. rane contained in Vegetables— 
ee in the Arts. 


HIS seta is almoft always found in the ftate 
of calces, which vary much in’colour and ap- 
pearance; they are white, blue, yellow, red, dark 


green, and black, according as they are united with | 


more or lefs oxygen, or contaminated with foreign - 


fubftances. ‘The darker coloured the ores, the more 
oxygen they may be fuppofed to contain, as any 
procefs which deprives them of this. principle al- 
ways rendérs them paler. Manganefe is alfo 
found cryftallized.in a variety of forms. Many na- 
turalifts, judging by their colour, and the ochry * 
cruft with which they are often furrounded, have 


ranked the calces of manganefe among the iron ores. — 
The black calx of manganefe gives-a violet, pur- | 


plifh, and fometimes a “reddith tinge to tranfparent 


glafs; but-when added in a rane quantity to that | 


which has a blueifh or greenifh caft, it produces: 
only a flight dufkinefs, patho a predominancy 4 


of any SOlahe 
The regulus of manganefe i is very - difficultly ob- 
tained. Its colour is a dufky white, but its maffes 


are irregular and uneven from imperfeét fufion. Its ~ 


fracture is bright and fhining, but it foon tar- 


« Ochre being an iron ore. 


care 


nifhes — 


oe a 


‘Chap. 21.] Manganefe found in Vegetables. 147 


nifhes and becomes blackifh on expofure to air. 
When pulverized it is always magnetic, though it 
has not this property in the mafs. If expofed:to air, — 
particularly in moift weather, it foon crumbles into 
a blackith brown powder, which is fomewhat hea- 
vier than the regulus from which it was produced. 
The calces of manganefe retain their oxygen fo 
weakly, that part of it may be expelled by the ap- 
plication of a ftrong heat. They alfo part with. 
their oxygen to unctuous oils. If half a pound of 
that ore of magnanefe called black wad is well. 
dried before the fire, afterwards fuffered to cool for 
about an hour, and then mixed with two ounces 
of linfeed-oil, fmall clots will be formed, and in 
little more than half an hour the whole will gra- 
dually grow hot, and at laft burft into fame. 
Manganefe feems to be contained in the athes of 
moft vegetables, and to it the blue or’ greenifh 
colour of calcined vegetable alkali is owing. If 
three parts of alkali of tartar, one of fifted afhes, 
and one-third of nitre, are melted together, they 
form a dark green mafs, which being diffolved in 
water, affords a beautiful green folution; this being 
filtered, on the addition of a few drops of vitriolic 
acid becomes red, and after a few days a brown 
powder is feparated, which has all the properties of 
manganefe. 7 
The vitriolic, nitrous, and marine acids diffolve 
the regulus of manganefe in the ufual ways. The 
black calx is nearly infoluble in the acids, unlefs it 
_ is deprived of part of its oxygen by the addition of 
 fome inflammable or metallic fubftance. The 
L, ° | _ marine 
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marine acid, however, digefted with the black 
calx of manganefe, diffolves i it without addition, in 
proportion as it lofes fome part of its oxygen. The 
oxygen uniting with part of the muriatic acid, ren- 
ders it volatile, and converts it into oxygenated ~ 
muriatic acid. The permanent folubility of the 
black calx of manganefe in the acids, depends on 
the acid, or fome fubftance mixed with ‘the acid, 
abftracting part of its oxygen. ‘The manganefe — 
{eparated from its folution in acids by alkalies, is in 
the form of the white or imperfect calx, which, 
however, becomes black by being heated in con- 
tact with air. 


In the dry way the calx of manganefe Combines 
with fuch earths and faline fabttances as are capable _ 
of undergoing fufion in a ftrong heat. The violet 
colour which it communicates to glafs is liable to be 
deftroyed by combuftible fubftances. From this 
circumftance we may conclude, that the property 
of colouring glafs depends on the calciform ftate of 
this metal, and that it-is loft when any body ab- 
ftracts its oxygen and reduces it to a regulus. 

Manganefe in its metallic form wit not unite 
with inbae but melts readily with moft of the 
metals. Gold and iron are rendered more fufible. 


by a due addition of manganefe, and the latter me- 


tal is rendered more duétile. 

Manganefe has hitherto been ufed chiefly by 
olafs-makers and potters; but the important dif- 
coveries of the effect of oxygenated muriatic acid, 
prepared by means of manganefe, in bleaching, will — 
no doubt extend its utility to feveral other manu- — 
factories. C HAP. | 
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Natural Hiftory of Nickel Metal how obtained.—Detonates with 
Nitre.—Has a ftrong Repulfion for Silver, and Attraction for 
Sulphur—A ufelefs Mineral. 


HIS metal derives its name from the mineral 

in which it is contained. It is found united 

with fulphur andarfenic. Its ores have a coppery red 
colour, are almoft always covered with a greenifh 
srey efflorefcence, and have been miftaken for 
ores of copper. The ores of nickel often contain 
cobalt and iron. Moft of the fulphur and arfenic may 
be driven off by long continued roafting, and the 
occafional addition of charcoal, which prevents the 
arfenic from being rendered more fixed by calcina- 
tion; and the green calx which remains may be 
fufed by the ftrongeft heat of a fmith’s forge, toge- 
ther with two.or three times its weight of black 
flux. By thefe means a regulus may be obtained, 
which, however, is very. far from being pure, as it 
contains much arfenic, cobalt, and iron. In this 
{tate it is of a white colour with a tinge of red, and 
has a granulated texture. When this metal is ren- 
dered more pure by treatment with fulphur, char- 
coal, volatile alkali, and nitre, it becomes extremely 
infufible, lofes fomewhat of its reddith tinge, and 
acquires a confiderable degree of, malleability. 
Nickel may be freed from fulphur and arfenic, but 
og ae 10 
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it cannot be accurately purified from cobalt and 
iron, for it is confiderably attracted by the magnet, 
and gives figns of containing cobalt, after the ut- 
moft pains have been taken to obtain it in a pure 
ftate. It affords a blue folution with volatile al- 
-kali, and in nitrous acid its folution iS ef a full 
green. ' 

From its magnetic property, nickel has Heer 
confidered as a modification of iron; and by its pro- 
ducing a blue colour with volatile alkali, it has been : 
fuppoted to be an alloy of copper with various me- 
tallic fubftances. Chemifts, however, are now very 
generally agreed in confidering nickel as a diftinet | 
metallic aibhance. | 

M. Sage affirms, that when four parts of oil of 
vitriol are diftilled with one part of the regulus of 
nickel in powder, the fulphureous : acid pafies over; 
the refidue is greyifh, and, being diffolved in diftilled 
_water, produces the moft beautiful ereen colour. The 
‘eryftals obtained from this siti are foliated, and 
of the colour of an emerald. According to M, 
Arvidfon, the vitriolic acid forms a green falt, in. 
decahedral cryftals, with the calx of nickel. ~ 

This calx is eafily foluble in the nitrous acid, 
and cryftallizes in rhombic cubes. According to 
M. Sage, all the other folutions of nickel, or its 
_calx, ‘either in the miuriatic acid or in vege- 
table acids, are more or lefs ereen. It has_ been 
faid, that the nickel contained in. cobalt occali ions 
the fubftance known under that name to produce 
_@ green colour with acids, Nickel differs from 
Pe ie ae cobalt 
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cobalt in not being feparated from acids by the 
addition of any an metal. 

Nickel detonates *° with nitre; this detonaticn 
afforded Mr, Arvidfon a method of difcovering 
the prefence of cobalt, which no other proof has 
rendered fenfible. Nitre has Jikewile. the pro- 
perty of augmenting the intenfity of the hya- 
cinthine colour, communicated to glafs by the calx 
ofnickel, The calx.of nickel, fufed ' with borax, 
likewife produces a hyacinthine colour. The 
calces of nickel are of a green colour. 

The moft remarkable properties of the regulus 
of nickel are, a repulfion for filver, and a {trong 
attraction for fulphur. It has fo ftrong an affi- 
nity for fulphur, as to attract it from mot other 
metals. 

Nickel combines by fufion. with fulphur into 
a hard mineral of a yellow colour, with {mall 
brilliant plates, which, when ftrongly heated in 
contact with air, deflagrates and emits very lumi- 
nous fparks, fimilar to thofe afforded by iron when 
forged. Cronftedt informs us that this. metal 
is foluble in liver of fulphur, and forms a Ccom- 
pound refembling the ores of copper. ‘The fulphur 
can only be fepartited from nickel by repeated 
| faGons and calcinations. 

Cronftedt affirms that nickel forms, with bifnaush, 
a brittle and fcaly regulus, Nickel has not yet been 
appued to any ute | 


Cee and explodes faddenty. 
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CHap. XXIII. 


COBALT: 


/ 


Natural Hiftory of Cobalt.—Analogy between this Metal and the 
blue colouring Matter of Vegetables.——Mode of affaying it —Mines 
of Cobalt.—Smalt, or Powder Blue.—Uyfes of Cobalt in the Arts. 
—Curious fympathetic Ink.—Changeable Land{cape.—Union 
with other Metals, , 


OBALT has never been found native, that is 
in a metallic ftate, but is almoft always cal- 
cined or united with arfenic, the arfenical acid, 
fulphur, iron, vitriolic acid, &c. Minerals con- 
taining cobaleare frequently ofa pink colour, which 
arifes from the prefence of arfenical acid, and its 
colour is deftroyed by fire, in proportion as the 
acid is diffipated. When united with vitriolic acid, 
it alfo is fometimes. reddifh: the effect of acids on 
cobalt points out an analogy between it and the blur 
colouring matter of vegetables. | 
To affay cobalt ores, the operations of pound- 
ing, wafhing, and roafting muft be all employed. 
The cobalt remains in a ftatevof black calx, more 
or lefs deep with refpect to colour; this is mixed 
with black flux and a fmall quantity oe decrepitated 
fea falt; the fufion is performed in a forge heat-in a 
covered crucible, which mutft be flightly agitated, to 
precipitate the metal.as foon as the fufion is com- 
plete.. The metallic button is fometimes found to 
‘ confit of two diftiné eeanios cobalt being 
Ae uppermott 


* 


/ 
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uppermoft, and bifmuth beneath; a ftroke of the 


hammer readily feparates them. 


The regulus of cobalt is of a whitifh grey or fieel 
colour, hard, brittle, ofa dull clofe-grained fracture, 
and moderate fpecific eravity.. It has about the 
fame degree of fufibility as copper ; does not eafily 
become calcined ; and its calx is of fo deep a blue 
colour as to appear black. Cobalt expofed to heat 
does not melt till it is well ignited. It appears to 
be very fixed in the fire, and it is not known whe- 
ther it can be volatilized in clofe veflels. If it is 
fuffered to cool flowly, it cryftallizes in needle- 
formed prifms, placed one on another, and united 
in bundles. Cobalt, melted and expofed to the air, 
becomes covered’ with a dull pellicle, which is a 
calcination analogous to the rutting of iron. 

The richeft mines‘of cobalt arein Saxony. The 
ore which is worked there in the large way contains 
a confiderable quantity of arfenic, which is driven 
off by heat, but is collected in long channéls 
of wood, and preferved for fale, as was intimated 
before. After the ore has been kept fome time in 
the furnace, there remains a dark friable fubftance, 
which is the cobalt inthe form of a calx, and call- 
ed zafre. ‘This 1s mixed with the ordinary inere- 
dients of glafs, and melted with a violent heat, fo as 
to produce the common blue powder called fmalt, 
which is a pounded elafs. Some of this 1s mixed 
with flints and allcaline falts, and then fold under the 
name of fapphiré to the manufacturers’ of porcelain 
and common Delft ware, for tinging their olazing 
blue. » 

Powder 
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Powder blue, or azure, is obtained by grinding 


fmalt in mills, and afterwards wafhing it in water. 
This lait operation” is performed in a cafk filled 


with water, and pierced with three openings at difs | 


ferent heights. The water of the uppermoft cock 
carries out the fineft blue. The larger particles 
fall more fpeedily, and the azure brought out by 
the water of the three cocks forms the different 
degrees of finenefs, known by the names of azure 
of the firft, fecond, and third fires. Powder and 
{tone blue, ufed by laundrefies, is a preparation 
made by the Dutch from the coarfe fmalt. 

Afmall quantity of the calx of cobalt tinges glafs 
of different fhades, according to the quantity ufed., 
One grain of cobalt td feventhoufand of the gilafs, 
renders it very blue: henceithe paftes in imitation 

of fapphire are produced. Stained flint elafs is made 
by fixteen parts no fand, eight or ten of yl -afh, 
and metals in different proportions.: 


Cobalt difflolves readily in aqua-fortis, both in its — 


metallic ftate and in that of a calx, If we take a 
folution of its calx in that fluid, and add a quan- 


tity of water to it, and then let it ftand a while, it . 
turns red, and on evaporation forms cryftals of the 


fame colour, and by this it may be diftinguifhed 
from allother metals. This folution forms a red 
{ympathetic ink, which appears on the paper by 
heat, and again difappears by cold. 
Aqua-regia diffolves cobalt more eafily. than 
she scaurionic, but not fo eafily as the nitrous, acid. ~ 


This folution is.a celebrated fympathetic ink. If it~ 


* js diluted with a fufficient quantity of water te pre- 
| vent 


a 


e 


’ 
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“vent its action on paper, and then ufed to write with, 
the letters are invifible as foon as the clear folution 
becomes dry; but if the paper is held to the fire 
for a fhort time, they appear of a fine green colour; 
which again difappears by removing it, and duffering 
it to cool. If held to the fire too long, the green 
colour becomes permanent... From thefe two inks 
a very curious changeable landfcape may be made. 
The trunks of trees; ‘houfes, gc.’ may be painted 
with common colours, fo as to reprefent winter. 
The verdure, the: fruits, and the flowers may be 
depicted in different fhades of the two inks. On 
aproaching the»fire the landfcape will gradually be 
changed from a winter toa fummer fcene. The 
trees will begin to fhoot out their foliage, and the 
flowers and the fruits will, by dégrees, affume the 
appearance of maturity. The vivid parts will again 
fade, on being removed from the heat, and the land- 
fcape tefume the wintry afpect. 

It was formerly thought that the green colour 
produced by heat in the fympathetic ink of co- 
balt, arofe from the metallic falt being cryftallized, 
and afterwards attracting a flifficient quantity of 


water from the cold air to diffolve it, and caufe it to | 


_ difappear; but it is proved, that the marine falt of 
cobalt, diffolved in water, aflumes the fame colour 
when expofed to a certain degree of heat, 

The vitriolic acid in a concentrated {tate does not 
diffolve cobalt without the affiftance of heat, when 
the acid is decompofed, and comes over in fulphu- 
reous fumes. The cobalt is in part calcined, and in 


_ part eonverted 1 into a cryftalline falt foluble in water, 
. and 
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and which may be precipitated by lime and by aie 
lies, in the form of a rofe-coloured powder or calx. 
Diluted vitriolic acid acts upon the calx of cobalt, 
and forms the fame falt. ; | 

‘Cobalt unites with all the metals except filver, 
lead, quickfilver, and bifmuth, but does not pro- 
duce any remarkable or ufeful compound with any. 
It is feparated from acids by zinc in the form of. a 
dark-coloured powder, but not by iron. 

A mixture of nickel with the calx of cobalt very 
much injures the colour which the latter communi- 
cates to glafs. ‘The following procefs is one of the 
beft for feparating them when the cobalt is in con- 
_ fiderable quantity : Saturate a folution of the roafted 
ore in nitrous acid, and drop it into liquid volatile — 
alkali. ‘The cobalt then is inftantly re-diffolved, 
and aflumes a garnet colour ; when filtered a orey — 
powder remains on the filter, which. is the nickel, 


The cobalt may be precipitated : any acid, 


ra 
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External Qualities. of Bifmuth—A powerful Diffolver of Earths, 
—Pearl White, a pernicious Cofmetic—Curious Experiment.— 

_ A metallic Compofition, which melts in boiling Water.—Various 
Ujes of Bijmuth in the Arts, 


ISMUTH is extremely brittle, fo that it may 

be eafily feparated, and even reduced to pow- 

der by the hammer. When broken it exhibits at 

the place of fracture large fhining plates, difpofed 

in a variety of diethioes: - It is confiderably pon- 

derous, and is of a yellowifh white colour; when 

in thin plates it is in fome degree fonorous. It is 

very fufible, and melts at a temperature not ex- 
ceeding 460° of Farenheit. 

Bifmuth is fcarcely altered by expofure to air and 
light. In clofed veffels it fublimes without alteration; 
it cryftallizes the moft eafily of any metallic fub- 
ftance. If bifmuth is kept in fufion in contaé with 
air, its furface becomes covered with a pellicle, 
which changes into an earth of a greenith orey or 
brown, named calx of bifmuth. Nineteen drachms 
of bifmuth, calcined in a ‘capfule of glafs, afforded 
M. Baumé twenty drachms thirty-four grains of 
calx. Bifmuth heated to rednefs burns with a {mall 
blue flame, fcarcely fenfible. Its calx evaporates 
in the form of a yellowith fmoke, which condenfes 
on the furface of cold bodies, into a ‘powder of 

| the 


7 


15S Pearl White. [Book VI. 
the fame colour, called flowers of bifmuth. This. 
powder owes its volatilization only to the rapidity 
with which the bifmuth burns; for if it is expofed 
in clofe veffels to fire, it melts into a greenifh glafs 
without fubliming. . Geoffroy the younger obferved, 


- that the flowers of bifmuth, which rife the laft, are | 


of a beautiful yellow, refembling orpiment, 

The grey or brown calx, the yellow flowers, and 
the glafs, are. nothing more than combinations of 
this metal with the bafe of vital air, which are not 
reducible without addition. 

Calx of bifmuth is one of the moft powerful aif. 
folvers or liquefiers of earthy bodies, or of the calces 
of other metals, and gives a yellowifh tinge to 
glaffes, into the compofition of which it. enters. 
Bifmuth is alfo readily calcined by nitre, but with- _ 
out detonation.’ The alkalies have little effe& on 
bifmuth ; when applied, however, in a cauftic. cate, 
they diffolve part of the metal. ) 

The vitriolic and muriatic acids do not a on 
bifmuth, unlefs affitted by heat. The nitrous acid, 
however, diffclves it with great rapidity, and du-— 
ring the folution detent emits denfe red va- 
pours: This is one of thofe folutions | from 
which the calx is moft eafily feparated by water. — 


On being dropped into water a bright powder is : 


7 depofited, called. magiftery of bifmuth. This is 
- fuppofed to be the fame with the fubftarce called 
pearl white, well known as a cofmetic; for’ when 
rubbed on the {kin it.gives it a white fhi ining co- 


lour. But in reality all thefe metallic. fubftances q 


- ultimately darken the fkin, for a calx when long 
expofed 
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expofed to the air, and the exhalations of animal 
bodies, parts with its oxygen to the inflammable mat- 
ter, and affumes a dark colour. Bifmuth, moreover, 
poffeffes many properties in common with lead, and 
there are fome inftances in which the external ufe 
of this metal has produced the worft effects. 
Solutions of bifmuth are particularly affected by 
fetid odours, which proceed from putrefying fub- 
ftances. This feems chiefly to depend on the ful- 
phureous particles which are exhaled in thofe pro- 
ceffes, and is illuftrated by a ftriking experiment. 
If characters are written with a folution of bif{muth 
on the firft.page of a book of fifty leaves, and the 
laft page is impregnated with a fmall quantity of the 
liquid liver of fulphur, a fhort time afterwards: the 
hepatic vapour, carried by the air which circulates . 
between all the leaves, arrives at the other extremity 
of the book, and converts the colourlefs characters 
marked on the firlt page into a deep brown. It 
is affirmed that the hepatic gas paffes through 
the paper; but itis fufficiently proved that the air 
carries the gas in.this manner from one leaf to an- 
~ ather, fince the effect does not take place when the 
leaves are glued together. This experiment evinces 
in the cleareft manner the impermanency of the 
beautifying effect of the calces of bifmuth. 

“The nitrous folution of bifmuth is without colour, 
and when well faturated affords cryftals without 
evaporation. But by evaporation and cooling thefe 
cryftals may always be obtained. The nitre of bif- 
muth detonates feebly, and with reddifh fcintilla- 

tions i 
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tions; after which it melts and inflates, leaving @ _- 


calx of a greenifh yellow colour.. This falt .ex-. 
pofed to he air lofes its tranfparency, at the fame ; 
time that the water of cryftallization is diffipated. . 

The acetous acid diffolves bifmuth flowly, and in 
finall quantities, | 

Inflammable gas alters the colour of i Geil 
and. gives it a ole tinge. Sulphur unites with » 
nie efpecially with its calx; in which ftate — 
it refembles crude antimony. It unites with all the 
metals, except zinc and reeulus of cobalt, and takes 
away their malleability and duétility, and increafes 
their difpofition to calcine ; it alfo increafes their 
fufibility, hence its ufe in foldering lead and tin. 

f added toa mixture of lead and tin, in certain pro- 
portions, it produces a metallic compound, which 
retains the ftate of fluidity in the heat of horns 
water. 

Bifmuth 1s chiefly ufeful for. mixing with tin to 
produce pewter, rendering it harder, and better to 
be caft into molds. It is alfo ufed in making 
printers’ types; for by giving a greater tenuity to 
the fufed mafs, it fits it for receiving a neater im- 
prefiion. An amalgam for foiling glafs globules 
is made of ten parts bot mercury, two of bifmuth, 
and one of lead and tin. It may be fubftitut- 
ed inftead of lead in the art of cupelling the perfect 
metals, becaufe, like that metal, it has the pro- 
perty of flowing into a glafs which is abforbed by 
the cupels. 


Bifmuth 
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»  Bifmuth is often found native. It is alfo found 
united with arfenic, fulphur, iron, and fometimes © 
in a calciform ftate. The fulphureous ore of bif- 
muth is of a whitifh grey, inclining to blue; it has 
the brilliancy and colour of lead ore or galena, and 
almoft always exhibits {quare facets, but it is never 

- found in fragments truly cubical. It is very rare, 
and is found at Baftnas, in Sweden, and at Schnee- 
burg, in Saxony. 
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Hasedd Hideo deinen ie ise eet 
Calcination of Antimony.— Combinations with Acids, —But ter of - 
“Aitimony.— Antinohial Wine-—-Ufes of ‘Antimony in Medicine. : 
—Flores Antimonii.—Glafs of Antimony.—Crecit' of. Antiaony. 
Sulphur of Antimony.—T artar Emetic.— James's Powder. | ' 

HE fubftance, which is commonly known by . 
the name of antimony, is a combination haa 4 

that metal with fulphur. This mineral is of a 

blackith grey, in brittle plates or needles, of various 

magnitudes, joined together in different forms. It 
is fometimmes mixed with other metals, particularly 

Jead and iron, and is very common in Hungary, and 

in fome of the provinces of France. From this ore 

the reculus of antimony is feparated by fufion. The 
antimony then forms a mafs of metal at the bottom 

of the veffel, while the other matter becomes a 

fcoria above it. : ie | 

The appearance of antimony is bright, approach- _ 
ing, when very fine, to that of filver. It is very 
brittle, and it is compofed of oblong plates or la- 
mine. When melted it forms a fmooth mafs 
like other metals, but upon breaking it, we find the 
plated appearance on the infide. The plated ap- © 
pearance depends on the cryftallization, which be- 
gins at the part that firft.congeals. The regulus 
of antimony, which is prepared for commercial pur- 


mA 


Chap. 25.] Snow of Antimony. . 163 
pofes, is caft-into’fat and circular pieces, which 
Kave a cryftallization on their furface; in’ the form 
of the leaves of fern. | 

Tn fufibility antimony holds a middle satiley re- 
quiring a perceptible degree of red heat. before it 
becomes fluid.. In the fame degree it emits va= 
pours copioufly if frefh air is admitted, which al- 
ways promotes the volatility of metals. If thefe 
fumes are condenfed, they. form a white powder. 
In particular circumftances they cryftallize. They 
are, indeed, a perfect metallic calx, to which the 
names of argentine, ‘and {now of antimony, have been 
applied. This fubftance is fo highly charged: with 
the oxygenous principle, as to be foluble in water, 
and to approach to the nature of an acid. 

To calcine antimony by heat and air iota let 
the metal be powdered, then lay it on a broad fhal- 
low vefiel, and apply heat not fufficient to convert 
itinto fumes. ‘his operation cannot be well per- 
formed, unlefs the antimony is in a {tate of minute 
divifion, fo as to prefent a large furface to the air. 
The procefs muft be conducted with caution at the 
beginning, on account of the fufibility of this com- 
pond of falphur and antimony; but in proportion 
as the fulphur is diffi pated, the remainder becomes 
more ‘refractory, and the fire may be ratfed:to fuch: 
a degree'as to make the veffel in which the antimony: 
is contained red hot. ‘The furface of the metal be-: 
comes at firft tarnifhed, and foon afterwards it is 
changed into an earthy powder of a dufky colour, 
which, by continuance of the procefs, becomes. 
white. Thefe calces have a different degree of 

M 2 frifibili lity 
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frifibility according to the degree. of calcination. 
‘When little ‘calcined a ftrong heat converts them, 
into a glafs of an opake or black colour. When 3 | 
further calcined more heat is required, and the glafs — 
isa deep yellow. _ When calcined to whitenefs, the 
moft violent heat will not melt them without the | 
addition of borax, and.the mafs is then of a pale 
_ yellow. Here we obferve the effect of the prefence 
of oxygen in rendering this calx lefs fufible, and. ~ 
depriving it of colour. Thefe calces may be re- 
duced, but moft readily when little:calcined, by 
adding an equal quantity of black de aha one~. 
fourth of charcoal or foap. 
_. The foffil fixed alkali brings antimony seaiett to. 

the ftate of the perfect eieitatel For this difcovery, 
we are indebted to Mareraf, who melted two 
ounces of regulus of asian with one of foflil, — 
alkali. He repéated the fufion eight times, and) 
every time he ufed frefh alkali; but the three or 


four laft times he did not ufe quite an ounce of al- 


kali, but made ufe of a mixture of alkali and flint. 
Every time it was thus melted the regulus loft fome. 
of its weight, and the alkali, having diffolved pare. 
of it, was tinged green. The remaining metal was 
always whiter and brighter, and acquired a fmall, 
degree of toughnefs. The texture was much finer —_ 
than before, and it would eafily amalgamife with 
mercury. The weight of the regulus was reduced. 
to about cone half by eight operations, With the, 
vegetable fixed’alkali the "effect was brgliaias but nog. 


fo remarkable. 4 
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» The regulus of antimony is calcined with great 
rapidity by the nitrous acid, but the muriatic and 
vitriolic fcarcely act on it, unlefs affifted by heat, | 
By the union of antimony: with all thefe acids, 
faline compounds are produced, which are deli- 
guefcent, and which are decompofed by water, or 
the fimple application of heat. The oxygenated 
muriatic acid and aqua regia diffolve the reculus of 
antimony with ereat facility. 

But befides thefe methods of affifting the action 
of the muriatic acid on antimony, shia is another 
procefs: for combining the muriatic acid with the. 
regulus. A quantity of mercurial fublimate in 
powder being mixed with the regulus of antimony, 
the acid aéts upon the antimony immediately, fo as 
to render the mixing of them dangerous, from the 
corrofive fumes which arife. The common way 
4s to powder them and mix them, and heat being 
applied, the muriatic acid of the fublimate attradts 
the antimony, and rifes with it in the form of a very 
- volatile compound, which condenfes in the neck of 
the retort, of a confiftence between folid and fluid, : 
and is hence called butter of antimony. It is very 
cauftic, and is ufed to confume the callous lips of 
ulcers, but is too violent to be ufed internally. If it 
1S fubjected to a fecond operation, it comes over 
fluid. The fame procefs i iS employed to combine, 
other metals with the muriatic acid. When but- 
ter of antimony is thrown into pure water, an 
abundant. white precipitate or calx falls down, 
which is a violent emetic, and is known by the 
name of powder of algaroth, 

iS ee | The 
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The vegetable’ acids alfo act upon antimony | 
weakly Udi applied to it'in its metallic ftate, but 


much more ftrongly when it is flightly calcined. A 
folution of this kind was formerly ufed under the 


tame ofantimonial wine. A quantity of the regu- 
lus was caft in the form of a cup, which was'occa> | 


- fionally filled with wine, and having ftood a day of 


two, it became emetic. “The quantity of antimony 


diffolved was very fmall, but was difcoverable on 
adding an alkali, and precipitating 0s. 2 SI 08 
| To give crude antimony any action as a medi- 


cine, it is neceflary to deftroy a part of the fulphur, 


and alfo in fome’meafure to calcine it, “The more 
fulphur 1 it retains, the lefs active itis. If we calcine 
it too much we alfa deftroy i its effeéts; for in the 
ftate of a white calx it has little er no medical effi 


~ 
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cacy. ‘The flores antimonii is a preparation in © 
which the’ antimony is nearly deprived of fulphur, 


and at the fame time furnifhed with fomée oxygen. ~ 


Teas very violent in’ its ‘effects; a very’ minute 7 


quantity producing convulfions and vomiting. 
Antimony indeed may be reduced to fic a ftate a& 
to” affect the she ih in fmaller quantities even than 
arfenic. 

When antimony Is otantitdet with» fulphig 


and urged with’ a ftrong heat) it affumes’ the appear~ | 
“ance (Of olafs. ‘The clafs of antimony, though not. 


much employed as ‘a medicine,’ 1s’ very. 17ehak as a 
preliminary to the moft ‘valuable preparations, 


Few of the metals, indeed, have fo’ much at- 9 
| ffacted the“attention of chémifts ‘as antimony, and ~ 


ifs preparations have con gocordingly very nume- 
r ous, 
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rous. ‘To avoid, therefore, unneceflary prolixity, 
it will be proper to confine the reader’s attention to 
thofe which have been found moft ufeful. 

By deflagrating antimony with nitre, the metal 
is calcined, as well as when expofed to heat in-con=— 
taétwith air. The antimonium calcinatum of the 
London Pharmacopoeia‘ is prepared by throwing a 
mixture of eight ounces of antimony, \with two 
pounds of nitre, “into a crucible heated to a white 
heat. The white matter is burnt for haif an hour, 
and, when cold, is powdered and wafhed with dif- 
tilled water. This preparation is fo inert, that it 
has been doubted whether it is capable of any action 
whatever on the human body. 

_ When the antimony and nitre are in equal quan- 
tities, they form a more active compofition. The 
mixture burns with violence, and ought to be in- 
jected, in fmall quantities at a time, into the heated 
crucible. After the combuftion there remains a 
mixed matter, partly of a dark red, and partly 
whitifh. Upon melting g, it feparates into a heavier 
part of a deep red, and a faline part above of a 
paler colour. The former is the object of the 
operation, and is called crocus of antimony. ‘The 

College directa fmall quantity of fea falt to be ufed 
-in this preparation, which promotes fufion, and 
probably increafes the ‘activity of the compofition, 

Fixed alkalies have a great degree of activity 
with crude antimony, on account of their attraction 
for the fulphur.’ ‘The eafieft mode’ df combining 
them is fafion. * The firft effect of the alkalfis to 
combine with the ‘filphur, and form a liver’ ‘of 

M 4 fulphur, 
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fulphur, which by a continuance of heat feems to. i 


diffolve the regulus of antimony. This compound » 
is readily diffolved by boiling water, and if we add | 
to the folution an acid, the metallic matter and ful-. - 
phur are depofited of a yellow colour, This fub- 
ftance, however, which is called fulphur antimonil 
precipitatum, may be obtained in an eafier man- 
ner, by boiling crude antimony in a folution of 
alkali, and then precipitating. the fulphurated anti- | 
mony with the vitriolic acid. 

The antimonium tartarifatum, or ¢artar sifu, 
may be obrained either by the ufe of the crocus or 
the glafs of antimony. The former is, however, 
preferred by the London College, who adopt the 
following procefs: Take of crocus of antimony 
powdered one pound and an half, cryftals of tartar 
two pounds, diftilled water two gallons. Boil 
them in a glafs veffel about a quarter of an hour; 
filter the liquor through paper, and fet it by to 
cryftallize. ‘Tartar emetic confifts of the acid of 
tartar united to vegetable alkali and antimony par-~ 
tially calcined, 

The. pulvis.antimonialis of the pharmacopeeia, 
which is thought to be nearly the fame as James’s - 
powders, is prepared by expofing equal parts of 
antimony and hartfhorn fhavings to a moderate 
heat, with a free accefs of air.. With refpect to 
the peculiar merits ai i James’ § powders, they have 
never been proved either‘ in theory or practice. 
The, circumftances upon which the effeéts of 
-antimonial preparations depend are well known, 

and though we cannot with certainty afcertain 
1 seleraht tes oem the 


\ 
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the procefs of Dr. James, there is no reafon 
to think that it is preferable to that of the 
pharmacopeeia, in the preparation of the -pulvis 
antimonialis.. The love of myftery, however, has 
pees had an influence over mankind, and there is 
no reafon to believe that the period for its ceffation 
is at hand. 

The reeulus of antimony 1s employed in the 
manufacture of ee types, and in making 
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. with Acids. White Vitriol.—- Detonation of Zinc with Nitre—. 

Xe Cc. ombination with Metals. —Pewter —Its Ufe in Fire- wor Ase 
Natural Hi pe of Zine.—Calamine.-+- Black Jack “= Brafis 
how made.---Tuity.---Pinchbeck. 


* 


HIS metal is in fome degree malleable, and 
therefore holds a middle place between the - 
femi-metals and metals, though it is ufually referred 
to the former divrfion. Its appearance is blue and 
brilliant, and when broken it is found to be cryftal- 
lized in narrow plates. Ic melts when red hot; 
if heated in clofe vefiels to a vivid red or 
white heat, the whole of it rifes in vapour, 
and may again be condenfed without any change. 3 
_ When Hevea however, in contact with air, it burns 
rapidly with a white flame and crackling noife, and 


is converted into a white, foft, and flocculent fub- — 


ftance, called flowers of zinc, or lana philofophorum. 
If the zinc is burnt in a deep crucible, this calx at- 
taches itfelf to the upper part of it, though fome 
part is always loft even in the deepeft vefiel, which 
will admit the air with fufficient freedom to main-— 
_tain the combutftion. If a gentle heat is applied no 
light is produced, and chee furface of the zine be- 
comes eradually covered by a grey. calx, which © 

changes to white, by being after wards heatedin con- 
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tact with air. Zinc is fo apt to undergo this. 
“change that it is difficult to mele fmall pieces‘of it 
‘into a mafs, for,in the moment after. they , arrive 
at the melting point they are covered with/a 
fkin, which prevents. their union. . The calx of - 
zine is not very eafily reduced to a reguline ftate, 
as the heat neceffary for this effect is apt to volati- 
lize the metallic product. 

Zinc is readily acted on by all the acids, and no 
‘metal fhews a greater attraction for them. It pro- 
duces with them metallic falts, in which the acid is 
more neutralized than in the other. metallic com- 
pounds of the fame defcription, The acids do not 
depofit the zinc when they are diluted with water. _ 

The concentrated vitriolic. acid does. not act on 
zinc, unlefs affifted by heat, and it then. gives out 
fulphureous fumes. It is diffolved, powmucis with 
rapidity, and without the affiftance of heat, by the 
fame acid in a diluted ftate, and this procefs is at- 
tended with the copious production. of hydrogen 
gas, which indicates the decompofition of the wa- 
ter. From this folution may be obtained white 
vitriol, which, as well as the flowers of zinc, is em~ 
ployed in medicine. 3 

The diluted nitrous acid aéts on zinc with fingu- 
lar violence, and nitrous gas is fo copioufly difen- 
gaged, that the mixture fomnetimes exhibits the ap- 
pearance of boiling. ‘The folution is very cauttic, 
and ‘affords cryftals- by evaporation .and: cooling, 
which flightly detonate on hot. coals, and leave a 
cabs behind. , This fale. is deliquefcent, The di- 
luted muriatic acid a¢ts on zinc with the fame pro- 
BH 3; Sen au duction 
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duction of hydrogen gas as the vitriolic ; but this 
folition ddes uot afore cryftals. richie. 

The vegetable acids acquire from zinc a fweet- 
ifh tafte and ftipticity. ‘The aétion of the fuoric 
and boracic acids on zinc are not known. Water, 
impregnated with carbonic acid, diflolves a confi- 
derable proportion of zinc. 

All the folutions of zine in acids are piece | 
by Jime, magnefia, the fixed and volatile alkalis ; 
the latter re- diffolves the precipitate if it is added 
in excefs, 

Zinc has the property of decompofing feveral 
neutral falts, If it is confiderably heated with 
vitriolated tartar in a crucible, it decompofes 
the falr, and forms a liver.of fulpbur, in the fame 
manner as the regulus of antimony does. In this 
experiment the Pritt feizes the oxygen of the vitri-- 
olic acid, and the acid paffes into the ftate of fulphur, 
which the alkali diffolves. The hepar formed by 
this combination diffolves a portion of the calx of 
Zinc. All the vitriols are ikewife decompofed by 
zinc. | ss 
When pulverized Zinc 1s baa to fufed nitre, 
or projected together with that falt into a. heated 
crucible, a very. Sigleat detonation takes place. The 
activity of ‘the inflammation is fach, that. portions . 
‘of burning matter. are thrown to a diftance out of. 
the crucible, in fuch a manner as to require precau- 
tion on the part of the operator. Only fmall quans _ 
tittes of the mixture fhould be caft into the crue 
cible at once.» The. zinc burns by the affift- 
ance of the oxygenous gas. afforded by the -nitre, 


- and. 


Chap. 26.) Ge of Zine in Pewter. | 173 


and is afterwards found in a calciform ftate, 
more or lefs perfect, according to the proportion of 
nitre ufed. Part of the calx combines with the 
alkali, and forms a compound foluble in water. | 

Zinc decompofes common falt, and alfo fal am-" 
moniac, by feizing the marine acid. The filings of 
zinc alfo decompofe alum when boiled in a folution 
of that falr. . : i | 

The relation of zinc to fulphur is remarkable, as 
it is the only metal which does not unite with itina™ 
reguline ftate. M. Morveau, however, ‘has difco- 
vered, that the calx of zinc unites eafily with fulphur | 
by fufion. | 

The regulus of zinc is edbalite of being united ° 
with that of arfenic, but it more readily unites with 
arfenic in its calciform ftate. Zine diftilled with’ 
white arfenic deprived i it of part of its oxygen, and» 
was converted into acalx, while a correfponding 
quantity of arfenic ‘was reduced to a regulus. 

Zinc does not combine with bifmuth, and 
when thefe two metals are fufed together, the bif- 
muth takes the lower place on account of its greater 
gravity, and may be feparated by a ftroke of the 
hammer. It will not unite with nickel. Its vola- 
tility renders it extremely difficult to combine it with 
metals which are of difficult fufion, as iron and 
copper. It is, however, united to feveral metals 
for particular purpofes in the arts. It is added in 
{mall quantities to tin, or to a mixture of tin 
and lead, in the compofition of pewter, which it 
improves both in adding to the whitenefs and bril-> 
liancy, and increafing the hardnefs. It is employed 
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inmany alloys, particularly in tombac, prince’s me= 
tal, and the various kinds of brafs. ~ Fine filings of 
zine are ufed to produce brilliant {parks in fire-works.: _ 
Some. perfons have propofed to fubftirute: zinc for. 
tin in lining copper veflels; the latter metal, in con- 
junction with lead, having been fuppofed infufi-v- 
cient to prevent the dangerous effects of the lead. 
Macquer allows that this metal {preads more evenly 
on. the copper, is*much harder, and lefs fufible, 
than'the lining of tin, but objects to it, becaufe it is. 
foluble in vegetable acids, and has a. confiderable: 
emetic power. Mr. De la Plance, however, has 
taken the falts of zinc, formed by the vegetable acids,« 
in greater quantities than they can be contained in 
aliments which have been dreffed in veffels: lined’ 
with zinc,..without experiencing any dangerous 
effect. Experiments are yet wanting to prove the 
fuperiority of zinc lining over that’ er tin. 7 
Zinc is found in the followieis ftates: It.is fome-’ 
times, though rarely, difcovered native in flexible, 
greyifh, and inflammable fibres. Zinc in its ore is 
eenerally in the form of a calx; when the ore con- 
tains no other metal but zinc it isnever in any other. 
form, but it is often mixed with other ores, which 
contain fulphur and arfenic, and thefe muft be eva- 
porated by roafting. The richeft ores are compact 
and ponderous, and ate called lapis calaminaris, or 
calamine, they are found in thé parifh of Holywell,- 
in Flintfhire. 
Margraff has afcertained the quantity of er 
cofitalited in different forts of calamine: 
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-In one hundred parts of | lapis calaminaris. were 
found: eighty-four of calcined zinc, three of calcined, 
icon, about one of pure clay, and twelve of filiceous ; 
earth, according to Bergman. 

There is Pane fpecies of mineral ufed. in, 
making brafs called blende, mock lead, or blaclk. 
jack, Shieh confilts of zinc mineralized by falphur, 
and fometimes by iron. 

The method of making ordinary brafsisas Ellowes 
—Copper in thin Be: or, which is better, copper 
reduced (by being poured when melted into water) 
into grains of the fize of large fhot is mixed with 
calamine and charcoal, both in powder, and expofed 
in a melting pot for feveral hours to a fire not 
quite {trong asouish to melt the copper, but fuffi- 
cient to eae. the zinc, and convert it into va- 
pours. ‘Thefe vapours penetrate the copper in 
proportion to the furface expofed to their action, 
changing its colour from red to yellow, and aug- 
menting its weight in a great proportion. When 
they make br af, which is to be caft into plates, from 
which pans and kettles are to be made, and wire is 
to be drawn, they ufe calamine of the fineft fort and 
in greater proportion than in the compofition of 
common brafs. | | 

Tutty 
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Tutty is the flowers of zinctaken from the furnaces 
in which the ores containing this metal are wrought. , 
It varies in colour and confiftence according as the. 
calx is more or lefs perfect, and is mixed vith more 
orlefs of an argillaceous fubftance. Newman fays, — 
that the lapis tutiz is compofed of clay beaten up 
with a {mall quantity of lapis calaminaris. 

Zinc and copper, when melted together in dif 
ferent proportions, conftitute what are called pinch- 
beck, &c. of different fhades of yellow. Margraff 
melted pure zinc and pure copper together in a 
great variety of proportions, and he found that 
eleven, or even twelve parts of copper,: being’ 
melted with one of zinc, gave a moft” beautiful 
and very malleable tombac or pinchbeck, = 
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F all metals, and I might perhaps be juftified 

in adding, of all mineral fubftances; the moft . 
generally ufeful is iron. To fpecify its ufes would © 
be to produce a catalogue of every thing that con- 
tributes to the fuftenance and the convenience of 
life. By the affiftance of this metal we till the land, 
and obtain the fruits of the earth in greater abun- 
dance and perfection than we could by any other 
means; by its agency we are enabled to penetrate 
the earth itfelf, and procure whatever it contains 
that may be ufeful or ornamental to man; there is 
-fcarcély a’ mechanical trade, which could be con- 
duéted on the prefent principles without its aid, 
and many of them could not even exilt were we de- 
prived of it: even in domeftic life our fafety, our 
comfort, and our pleafure, all feem in fome mea- 
fure to depend on this moft valuable production of 
the earth. As the quantity of this, as well as of 
fome other minerals, which appear almoft neceflary 
Yor, Il, N to 
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to focial exiftence, muft be limited, I have often 
thought that the want of a fufficient: fupply, which, 
on the fuppofition of the prefent fyftem of things 
being continued for ever, muft at fome time necef- 
farily take place, forms a forcible argument againtt 
the abfurd and ignorant t hypothefis Sof the aa: 
of the world. 

“The external appearance of this faeeat is are 
known, and its hardnefs and elafticity are feen in the 
various infttuments and.utenfils which are formed 
Ot -its se 

Tt is the moft fonorous of all the metals, except ; 
copper; but'in fpecific gravity it is inferior to moft 
of them, being only aboutfeven times andahalfthe, 
weight of water. Iron has a confiderable fimell, | 
efpecially when rubbed or heated. It likewife Bae 
a very perceptible ftyptic tafte. f rae 

-Jron ‘is very dudtile, and may ‘be drawn into. 
wire as fine as a human hair; and it 1s fo tenacious,.. + 
that an iron Wire of one’ tenth of an inch diameter 
will fupport a weight of fifteen It andred pounds, 
Tron may, be Tenet or at leaft made fufficiently hot . 
to fet fire to brimftone, by a quick fucceffion of. 
blows with a hammer ; but it requires a. moft intenfe.. 
heat to fufe it, on which account it is brought i ipto | 
fhape by hammering while it is in a Heat flate. 
Tron is alfo poffeficd eh another property, which fup- 
plies | in a great meafure the purpoles of fufion. When 
pieces ee common foft iron are heated to a certain 
degree, and are fuddenly taken outof the furnace and. | 
expofed to the air, we obferve their furface covered | 4 
over with an appearance of varnifh, which proceeds. 
) i from 
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from the furface of the metal being sn fufed. 
If two pieces of iron in this ftate are ftruck toge- 
ther, they unite very firmly, and this procefs is 
called welding. It is diftinguifhed from all other 
metals. by being attracted hy. the loaditone. . Ano- 
ther property, which diftinguifhes iron from all 
other metals, is that of ftriking fire with flint, "This 
phenomenon depends on the tea inflammation of, 
{mall particles of the metal,, which prefent a large 
furface to the action of the air, and which are heated. 
by the friction which feparates them from the mafs,» 
fo as to difpofe, them to inflammation. Thefe par- 
ticles are feldom lar ger than the two -hundredth 
part.. of an inch.j in, diameter,, and: pea examined: 
by..a magnifier, are. found to be _ brittle,.of.a 
greyith. colour, refembling the {cales. of burnt. 
iron. Another proof of the inflammability of 
- iron. 1s, that irom wire,, heated at one end, and- 
plunged. in a jar of oxygen gas, burns with confi- 
-derable rapidity, and with a’ very brilliant flame. ° 
Iron is by far the moft abundant. in-nature of all. 
the metals. It_is not only contained in almoft: 
every foffil, particularly in thofe which are colour=.: 
ed, but makes,a part of vegetable and animal mat-. 
ter. With refpect to the ores of irorf; however, » 
as they are very numerous, it will be neceflary only ,. 
to notice thofe from which the metal maybe ex- 
tracted. with advantage. In thefe ores iron -exifts 
either in the Duiallic or calciform {tate, or mine- 
ralized by different fubftances, | 
Native iron is known by its colour and mallea- 
bility, It is very rare, and is only found occafion- 
| N 2 a ally 
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ally in iron mines. Some naturalifts think that 
thefe apparently native fpecimens of iron have been 
produced by art, and have been buried in the earth 
by accident. 

In the Philofophical Tranfations for the year 


1788, vol. Ixxviil. is an account of a mafs of native 


iron, weighing by admeafurement about three hun- 
dred quintals, which lies in the midft of a wide 
extended plain, in the middle of South America, 


in’ latitude 70° 28’ fouth, and at the diftance 


of feventy leagues eaft, one quarter  fouth, 


from the hamlet of Rio Salado. ‘It has’ the ° 


appearance of having been liquid, and bears the 
impreffion of human feet and hands of a large fize, 
as well as of the feet of large birds common in that 
country. The extraordinary fact of fuch a mafs 
of iron being found in the center of a vaft tract of 
level land, where there are no mountains, nor even 
the fmalleft ftone;- within a confiderable diftance, 
projecting above the. furface of the earth, is referred 
by the writer of this article to an ancient volcanic 


v 


explofion, of which there are fome veftiges near it. - 


The fame fuppofition is urged with equal probabi- 
lity to account for the produétion of another mafs 
of native iron, in the fhape of a tree with its 
branches, which the author afferts, on indubitable 
authority, is Known to exift in thefe immenfe forefts, 
Some fpecimens of the iron were prefented to the 
Royal Society, who afterwards depofited them in 
the Britifh Mufeum. That laree maffes of iron were 


really obferved in thefe Gtuations there is no reafon 
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to doubt, but I fhould rather attribute the fuppo- 
fed impreffions to accidental refemblances. | 

The largeft quantities of iron ores are in a calci- 
form ftate, as in ochres, bog ores, &c. which are 
difpofed in ftrata, in the manner of ftones. The 
atites, or eagle ftones, are a variety of the bog 
Ores; they are in different forms, commonly oval 
or polygonous, compofed of -concentric layers 
difpofed round a nucleus, which is frequently 
moveable in the centre of the ftone. The hama- 
tites, or blood ftones, are named from their colour, 
which is commonly red. The loadftone is a dull 
iron ore, the varieties of which are diftinguifhed 
by their colour. 

Ixmery is a grey or ‘agli Iron ore; it is very 
hard and refractory, and is found in abundance in 
the iflands of Guernfey and Jerfey. It is reduced 
into powder in mills, and in this ftate is-ufed to po- 
lith glafs and metals. Spathofe iron ore is a calx of 
iron combined with cretaceous acid; it is ufually of 
a white colour.. Nature likewife prefents iron in.a 
faline ftate, united to the vitriolic acid, and forming 
ereen vitriol. This falt is particularly found in 
mines which contain pyrites.. Iron is often found 
united to fulphur, and then forms what are called 
martial pyrites. This metal is alfo found combined 
with arfenic, both being in the metallic fate, 
There is alfo a-black iron ore, which is in fome 
meafure attra¢ted by the magnet. Iron is fome- 
times found in the form of a blue powder. In‘ this 
ftate it is called-native proffian blue. It 1s mixed: 
with vegetable earths, and efpecially with turf. It 
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was difcovered fome years ago, that iron is often 
united with the phofphoric acid. The muddy or 
bog ores are fometimes of this nature. 


_ The ores of iron do not afford the metal unlefs | 


urged by a great heat, Some ores are melted with- 
out addition; but it is neceflary to afMfift the fufion 
of others by calcareous matters. The limeftones, 
the iron ore, and charcoal, are alternately thrown 
into the furnace, :and the whole is covered with a 


layer of charcoal. ~The melted ore is reduced by’ 


the contact of the coaly matter, and is then fuffered’ 


to run into'a cavity ufually formed in fand. Fhe! 


metal in this ftate is called crude or caft iron. A 
vitreous matter, called flag, paties ‘after thé iron, 
and confifts of the ftones which were added to fici. 


litate the fufion: «The metal thus obtained has not 


the leaft' duétility; but it is deer aed better in ‘pro- 
portion as its-colour is darker. . | 

‘The cat iron’ is carried to be refined in a forge 
furnace, ‘with a hollow:hearth, -in which it is filk 


rounded with charcoal, where the fire is urged by 


bellows'till the rnetal begins to foften. Whén it: is 


in this ftate, «at is re peatedly ftirred, in order that it 
may prefent a larger furface to the air. By the ac> 


tion of the heat ail air it emits fparks, which pro- 
ceed. from the confumption of a quantity of plum- 


bago, or black lead, which is contained. in the crude’ 


iron, and which it is commonly {uppofed to acquire 
from the fuel during the PERO IE of {i melting *. 


* It confifls of carbon; with meee one tenth of its weight of 
iON ive 
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“’T he iron, by this mode of refining, lofes, befides 
the plumbago, a quantity of fiderite, which Berg- 
eman fuppofed'to be a péculiar métal, ‘but which 
“is now found to'be: a combination of iron and phof- 
phoric acid. 

After the iron ‘has been kept in this fituation a 
certain time, it is carried to a large harnmer, cene- 
rally moved by water, where it is ree into bars. 
The hammering, by bringing the particles of the 
“iron nearer together, prefies out the impurities, and 
thus completes what was left deficient by the fufion. 
This heating and hammering are repeated a number 
of times, till the iron has acquired the defired 
degree of perfection.: Crude iron lofes from a 
quarter to a third of its weight by the procefs of 
‘refining, and is then called forged iron. 

Steel is made by furrownding the’ bars of iron 
with a compofition of which charcoal is the chief 
and only effential ingredient, and by keeping them 
-in an intenfe heat a longer or fhorter time, accord- 
ing to their thicknefs, They ‘are then taken from 
bie furnace, and plunged in cold water. The metal 
. is now found to be more fufible than it was before, 
but to have lefs ductility and foftnefs. Its texture 
Lis finer; it breaks fhort; ‘its frature is always grey, 
and it has gained a finall increafe of weight. 

- With refpec&t to the chemical ftates oF the metal, 
in the three forms of caft iron, forged iron, and 
fteel, it appears that they chiefly depend on the 
quantities of plumbago. By folution in acids, it is 
found that caft iron contains a lafge quantity of 
pinobagy that fteel contains fome of i it, bug that 
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the moft malleable forged iron contains fearcely 
any; it therefore appears, that fteel is in an inter- 
mediate condition between caft iron and forged 
iron, and that, j in making the former into the latter, 
the metal mutt pafs through the ftate of fteel. Jn 
fome foreign works they actually manufacture fteel 
by only ftopping the procefs of refining at a certain 
point, In thefe manufactories, however, they make 
ufe of an ore of uncommon purity ; and the fame 
procefs does not fucceed with ordinary ores, becaufe 
the metal obtained from thefe contains other impu- 
rities befides plumbago, which cannot be feparated 
without reducing the iron to its malleable ftate. 

There are differences in the working of iron, 
according to the ores from which it is obtained, the — 
caufes of all of which have not been difcovered. 
The. prefence. of ,phofphoric acid, however, is 
. known.to produce a brittlenefs in iron when cold, 
which occafions that fort of iron to be called cold 
foort iron by. the workmen. Phofphoric acid is 
chiefly. found i in iron obtained from bog ores. 

The workmen employed in tempering ftee] 
judge, by the different colours it affumes during the 
operation, of the degree of hardnefs it has sient. 
That thefe colours may be obferved, fome Ling of 
the metal to be tempered fhould be fmooth. 

The changes of colour depend on the calcination 
of the iron; for if the conta¢t of air is prevented by 
the thinneft covering of any oily matter, the effeet is 
entirely prevented. The colour is firft a pale 
yellow; if a piece of fteel is then ftruck off, it will 
be verphard. If the fteel i is lett in the fire for a 
d , longer 
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Jonger time, it acquires a deeper yellow and more 
toughnefs, with fcarcely any diminution in the de- 
gree of hardnefs ; when brought down to the colour 
of watch {prings, it is of the fitteft temper for cut- 
ting wood, © Steel, by being heated in this manner, 
becomes fucceffively white, yellow, orange, red, 
violet, and laftly blue, which colour remains a con- 
fiderable time; but if the heat is raifed it becomes 
whitifh. : 

. Steel, ftrongly heated ite’ in the fire, aflumes 2 
so and 4dparkling appearance, it next becomes very 
white and dazzling, and then burns with a fenfible 
flame. : | 

Caft fteel is nothing more than fteel refined by 
fufion, During this procefs*it throws up {coria, 
whilft the metallic matter which remains is much 
harder than before, and its texture more uniform. 

Iron is one of the metals which is acted on moft 
powerfully by acids. But not only acids, bur all 
faline fubftances feem to'affeét it, and even water is 
¢apable of aGting on it fo as to acquire from it 
a peculiar tafte. The tendency, indeed, which this 
metal has to combination with other bodies, parti- 
cularly with oxygen, which occafions ruft, renders 
it incapable of permanency, and for this defect no 
juficient preventative has yet been difcovered. 

M. Lavoifier, having expofed iron with water 
in a glafs veffel over mercury, obferved that the 
iron became rufty, and that the water was diminifh- 
ed in quantity. ‘The iron was increafed in weight, 
and there was a. production of inflammable gas, fo 


that. in this experiment the water was decom- 
* 


pofed 
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-pofed by. the. iron, even washout the aparinge of 
Pr eee y ) 
Iron is acted on by. the Seis: muriatic, and. 
nitrous acids,. with nearly, the fame phenomena as 
zinc; ., Lhe products, however, .are very different. 
The foluticn of iromin the vitriolic acid is of a green 
4 colour, and, by, evaporation produces the green 
cryftals, a known, under: the.names_of fal'martis, 
green vitriol, and copperas. The green vitriol ufed 
in commerce .is.obtained in,the following manner : 
| Pyrites, which are natural combinations of iron and 
fulphur, are expofed to; the. ation of the: airiand 
rain in fhallow pits lined with clay. After having. 
been in this fituation,a week or a’ fortnight.they 
‘grow hot and.crumble down, and when carefully 
examined are found to.contain {mahi cryftals. ‘Thefe 
are diffolved by the rain, and conveyed by pipes into 
a refervoir in a-houfe, whence the hquor is pumped 
into a boiler made-of lead. This liquor 1 is found 
to have an excels of acid, which is remedied by 
_cafting pieces of iron into it when heated fo.as to 
fimmer.., By the addition, of the i iron a quantity of 
the earth of alum. is alfo-depofited.., Ais the: liquor 


cools, the greater part of the fal martis 1s depofited, 
By theexpofure of the pyrites.to the action of air and 


water, the fulphur attracts the oxygenous principle, 
and is thus converted into vitriolic acid. Sal mar- 


_.tis is liable to the watery fufion; when expofed to. 


a ftrong heat the acid begins to exhale, and as it 
-exhales the natural colours of the calx of iron ap-~ 
pear. Ie is firft yellow, then orange, then red; if 
it is calcined to a greater degree, {carcely. any of the 

acid 
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acid is left, and the calx remains of a deep purple 
colour, and is known under the name of coicothar 
of vitriol. The nitrous acid acts with fo much vio- 
lence on iron as to convert it into a brown calx. 
‘With the muriatic acid iron affords cryftals of 
a livelier green colour than copperas, which will - 
not, like copperas, part with the acid by the appli- 
cation of heat. , 

All foiutions of iron, if expofed to the air, depo- 
fit part of the metal in the form of a calx. Alkaline 
falts precipitate the metal of a bluifh’ grey.colour, 
if the folution is frefh, but if long kept, in the form 
of a yellow powder. Mild vegetable alkali fepa- 
rates a yellow calx from the folution of iron in 
the nitrous acid, which foon becomes of a beautiful 
red orange colour. If the ;mixture is agitated dur- 
ing the effervefcence, the precipitate is re-diffolved. 
in much greater quantity than by the pure vegetable 
alkali. This folution is known by the name of 
eee martial alkaline tinéture. 

But the moft re markable precipitation is that pro- 
duced by a fixed alkali prepared with animal inflam- 
mable matter. The alkali is treated by mixing it, 
when dry, with twice its weight of blood, which has 
been indurated and reduced to powder ;, the mix-_ 
ture is put into 2 crucible, and a gentle heat ap- 
plied ; particular care muft be taken to ufe the due 
degree of heat, which is known by the difappear- 
ance of a blue flame and fmoke, which is at firft 
obfervable on the furface.’ The matter thus pre- 
pared, being infufed in water, affords an alkaline 
-folution, which precipitates iron of a deep blue co- 
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four, efpecially if a little muriatic acid is added. 
The effential ingredients of the matter obtained by 
the above procefs feem to be a peculiar matter 
called pruffic acid, and an alkali. The bafe of the 
pruffic acid, according to M. Berthollet, confifts 
of carbon, hydrogen, and azote. When the alkali, 
combined with this peculiar acid, ts added to a folu- 
tion of’iron, the alkali takes the acid from the iron, 
while the pruffic acid unites with the metal and falls. 


to the bottom in the form of a blue powder. This 
effect of the alkali, thus prepared, is the foundation , 
of the procefs for obtaining that valuable pigment, 


known by the name of Pruffian blue. 
Another fingular, and not lefs ufeful circumftance, 
in the hiftory of iron 1s the effect produced on it 


by aftringent vegetable fubftances. The principle. | 


of aftringency, ahiCh | is now found to be a peculiar 
acid, called, in the new nomenclature, eallic acid, 
refides i in a great number of vegetable matters, par- 


ticularly aah galls, tea, &c. : According to M, de. 


Ta Metherie, Wig the acid of galls is ony. a Va- 


riety of the colouring pple Galls are protube- 
rances on the leaves of the oak, occafioned by the. 
puncture of a particular infect Any of thefe fub-, 
ftances, added to a folution of green vitriol, preci- 
pitates a fine black fecula, which may be fufpended _ 


a confiderable time in the fluid by the addition of 


gum arabic. Oak galls are commonly made ufe of ik 


in this procefs, which is that of making ink. The 


following proportions of thefe ingredients for making 
ink anfwer very well. One ounce of martial vitriol 


FR three of powdered galls ; to which one ounce 


ef 
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of powdered logwood may be added, to render the 
ink more Patna and one ounce of gum arabic, 
to fufpend the colouring matter. Let thefe be infu 
ed in a quart of water or vinegar for ten days, and 
- fhaken occafionally, when the ink will be fit for 
ufe. ot iu 

Ashe colouring matter of ink feems to be craic) 
from an, union ot the acid of the galls with fome 
_ part of the iron in a calciform ftate. A {mall quan- 
_ tity of any of the mineral acids deftroys the colour 
of the ink, by diffolving the iron, which was imper- 
feétly precipitated ; and this colour 1s again reftored 
by the addition of an alkali, which takes away the 
acid. _ The black fecula of ink is not magnetical; 
but it may be converted into a brown magnetic 
calx by heat. Ink becomes blacker by expo- 
fure to the air, which acidifies more completely the 
pr inciple combined with the iron ; but ancient writ- 
ings become more and more yellow in confequence 
of the decay of the vegetable matter. Their legibi- 
lity may be reftored by. the ufe of infufion of galls, or 
gallic acid. The beft method, however, of reltoring 
the legibility of ancient writings, confifts in fpread- 
ing a folution of the Pruffian alkali thinly with a fea- 
ther over-the traces of the letters, and then to touch 
it gently, and as nearly upon or over the letters as 
can’ be done, with a diluted acid, by means ofa 
pointed ftick. , 

The only effential ingredients of ink are green 
vitriol, calls, and water. Dr. Lewis has made 
many ufeful experiments on the proportions of thefe 
ingredients which produce the beft ink., He found 
oN that 


\ 
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that equal quantities of galls and green vitriol pro- 
duced the deepett eatoue, but not thé moft du- 
rable ; he found, that by increafing the quantity of 
the galls the colour was rendered more durable; that 
with three times the weight of the galls to one of 
the vitriol, the colour was very permanent ; but 
that if the proportion of galls was increafed be- — 
yond this, the colour was too weak ; in this cafe 
the writing was much refrefhed by wafhing it with 
a folution of vitriol.’ He alfo endeavoured to afcer- 
tain the beft proportion of the fluids to the vitriol — 
and the galls. He firft tried water, and found that, 
by orieeleh aly diminifhing the quantity ofit the ink - 
was more durable, but too thick for ufe. He found 
that all waters were much the fame ; but that white 
wine and vinegar made a more durable ink; but. 
that’ both thefe were exceeded by a decoétion of 
forty ounces of water to one of logwood, which of 
itfelf gives A permanent red ftain. If the colour 
of the ink fhould fail, that of the logwood will re- , 
main, and it produces, with ink, a eae ftronger 
and® blacker’ colour than ufual; for the com-— 
mon colour of ink is-a purplifh blue, which, | 
mixed with red, makes a deep black. He did not _ 
find any vegetable aftringent equal i in all refpetts to 
galls. : 
Mr. Nicholfon ftates an abjeatlar to the ie of |. 


_ vinegar in the making of ink, which is, that it acts” 


fo ftrongly on the pens that they continually re- 
quire mending. Ink is very apt to become. 
mouldy, which is beft remedied by the addition of 
a few clovés reduced to powder; for hot aromatics 
3 are 
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are. excellent prefervers of animal sand vegetable * 
 THARLETS, aaa aes | 

Iron detonates Granade With nitres Dteariches , 
to. combine with alkalis by-fufion.. Thercalx, ofo 
iron. combines with earths, affifts their fufion;ands 
imparts a green colour to: the glafs..; Ironhas a! 
remarkable. attraction for fulphur, and combines * 
with: it either by the a¢tion.of heat or moifture. » 
A mixture of equal parts ofiren-filings and fulphur, 
made.into a pafte.with water, ba as hot,.,emits>} 
watry vapours and inflammable ait, inalittle time the, 
mafs takes fire, and, by, attracting the oxygen, of the 
water, becomes converted into green vitriol, in the 
fame manner as pyrites... This is the, mixture. ufed ;, 
in the production of an.ar tificial earthquake, which: 
will be fpoken of more. fully under.the head of « 
earthquakes. ; 

With refpect to the oe of iron:to the other. 
metals, there is little worthy of note, €xcept its attrac- 
tion for tin, on whichis founded the Reece of tinning 
iron. In fome countries iron is made into plates, by 
being repeatedly heated and fubmitted to the action 
of a heavy hammer. In England, however, the 
plates are not hammered, but rolled out to the pro- 
per dimenfions, by being put between two cylinders 
of caft iron, cafed with fteel.. When the iron plates 
have been either hammered or rolled to a proper 
thicknefs, they are fcoured with a weak acid, which 
renders their furface .perfectly:.clean and bright, 
and takes off all the ruft, which would prevent. the 
adhefion of the tin to their furface; they are then : 
wetted with a folution of fal ammoniac, and plung- 
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ed into a vefiel containing melted tin, the furface of 
which is kept covered with pitch or tallow to pre 
vent its calcination. The tin adheres to each fide 
of the plate, and intimately.combines with the iror 
to a certain depth, which renders the tinned plates — 
lefs difpofed to harden by being hammered, and 
forms an excellent defence for the i iron againtt the 
action of ait and moitture. 

Bifhop Watfon propofes it as a queftion of fome 
importance, whether iron of a greater thicknefs 
might not be advantageoufly tinned? He defired a 
workman to break off the end of a large pair of 
pincers, which had been long vufed in taking 
the plates out of the melted tin; the iron of the 
pincers feemed to have been ‘penetrated through its 
whole fubftance by the tin ; 1t was of a white colour, 
and had preferved its malleability. It is ufual to 
cover iron ftirrups, buckles, and bridle bits, with 
a coat of tin, by dipping them, after they are made, 
into melted tin; and pins, which are made of cop~ 
per-wire, are whitened, by being boiled for a long 
time with granulated tin in a ley made with alum 
and tartar. On thefe circumftances he founds two ~ 
querics ; I. Whether the iron bolts, ufed in fhip- 
building, would be preferved from rufting~by being» 
long boiled in melting tin? 2. Whether it would be 
poffible to filver iron-plates, by fubftieuting amelie 
- filver for melted tin? 

It is cuftomary, in fome places, to alloy the tin 
ufed for tinning iron plates with about one-feven- 
tieth part of its weight of copper. Too much cop- 
per renders the plates of a blackifh hue, but when 

apd 
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added, to tin ina: proper proportion, it enables the 
manufacturers to lay, on a thinner. coat. of tin with- , 
out injury to the, colour. » This practice, however, 
is rather of prejudice, tothe, duration, of the plates. 
When’the tin is:heated.to.a great.degree, the co- 
‘vering which, it, imparts.to,the iron-is thinner but. 
moréjeyen. . ‘The plates.are, apt, from this caufe, to 
have. yellow {pots « on; them’;, but this i inconvenience 
may, be.'removed:by. boiling the plates: foretwo or 
three minutes in,lees.of wine, or, where they cannot 
‘be had, four fmall beer, or other fimilar fluids, may 
probably be ufed with the fame fuccels. | 

Iron is juftly confidered.as’ a’ valuable article of 
the materia medica, and while its utility.1s confi- 
derable, it is entirely free from thofe deleterious and 
debilitating effects which proceed from moft of the 
other metals that are ufed.as medicines. The fer-. 
rum vitriolatum, or green vitriol, has been already 
mentioned. The ferri fubigo is made by merely 
expofing iron filings to the air, and moiftening them 
with water till they are converted into ruft. The 
ferrum tartarifatum is prepared by mixing one part 
of iron-filings with two of eryftals of tartar moif- 
tened with water, and expofing them to the air for 
eight days. In this preparation the iron is. chiefly 
brought to the faline ftate by means of the acid of 
tartar. Lhe ferrum ammoniacale, or flores mar- 
tiales, is made by mixing one pound of iron filings ° 
with two of fal ammoniac, and applying a brifk 
heat. , The fal ammoniac fublimes and carries up 
fo much .of the iron as to be changed to a deep 
orange colour. The flores martiales may be’ made , 
YOu, LT. O equally 
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~ equally well with the colcothar of martial vitriol as 
with the iron-filings. The tinctura ferri ammo- 
niacalis, or ammoniacal tincture of iron, is made 
by digefting one pint of proof fpirit‘of wine with 
four ounces of ferrum ammoniacale. The tinétura 
ferri muriati is prepared by diffolving the ruft of 
iron in the muriatic acid, and adding a quantity of 
rectified fpirit of wine. Wine of iron 1s obtain- 
ed by digefting ruft of iron with Spanifh white wine, 
in the proportion of an ounce to a pint, ee a 
month. 
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General Properties of Tin—Granulated Tinm—Natural Hiftory of 
Tinw=Its Union with the Acids —Ufe of Tin in improving the 
red Dyes.——-Smoaking Liquor of Libavius.—-Aurum Mufevum— 

Combinations of Tin with other Metals—~Different Species of 
Pewter.—Putty.—~ Application of Tin in dying. —=Ufe in Medi- 


cine. 


IN, when its furface is frefh, is bright, and with 
refpect to whitenefs holds a middle place 
between lead and filver. Tin is the lighteft of all 
metals, being only about feven times heavier than 
water. It produces a cracking noife when it is 
bent, though it yields eafily. It is very foft, and, 
probably from this caufe, it is fcarcely at all fono- 
rous. It is confiderably malleable, and maybe 
reduced beneath the hammer into laminz thinner 
than the leaves of paper (commonly known by the 
name of tin foil) which are of great ufe in feveral 
arts, particularly the foiling of looking glaffes. Its 
degree of toughnefs 1s fisch, that a wire of tin of the 
tenth of an inch in diameter fupports a weight of 

forty-nine pounds and an half without breaking. 
Tin is the moft fufible of metals, and melts at'a 
little above the heat of 400°, which is long before it 
becomes. red hot. In paffing from the fluid to the 
folid ftate it remains a fhort time in an interme- 
diate condition, in which it has little more cohefion 
O 2 than 
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than wet fand, and may be broken by a blow of a- 
hammer, or by agitation, into grains. Tin is 
eafily calcinable in an obfcure red heat; it at firft 
forms a grey pellicle ; and in a ftrong heat it cal- 
cines with inflammation into a white powder. The 
calx of tin refifts fufion more than that of any other 
metal; from'which property itis ufeful to form an 
opake white enamel, when mired ih ti cy 
in fufion. 
~ Ft is obferved by miners, ee though tin is the 
lighteft of the metals, its ores are fome of the hea- 
vieft. Tin is feldom or never found in the metallic | 
or réguline ftate. The ores\are often cryftallized, 
and of different colours. Thofe which are of a 
reddifh colour generally contain a large proportion 
of iron. There alfo is a fulphureous tin ore ofa 
brilliant ‘colour, fimilar to that of zinc, or golden, 
like aurum mufivum. The more tran{parent. ores 
of tin often contain arfenic, and this is feparated; 
almoft entirely, by repeated roaftings. | 

In order to ‘reduce the ores of tin, they are fir 
cleanfed from foreign admixtures by forting, pound- 
ing, and wafhing. » In the fmelting ‘of the ore; care 
is. taken to dda larger quantity of fuel than‘is 
ufual in the revival of other ‘metals, and to avoid a 
greater heat than is neceflary to reduce the ore, in 
order that the lofs by calcination may be as little as 
poffible. Almoft all the tin ufed in Europe comes 
from Cornwall, which .has been famous for its tin 
mines from the remoteft periods of hiftery. 
Tin is five times as dear.asJead,:and as a: fmall 


quanti ofthe latter sch eh with ailarge quantity of 
, the 
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_. fhe former is with difficulty difcovered, the tempta- 
tion ito adulterate tin is great, and the fear of detec- 
tion fmail. © Bifhop Watfon ftates, in his Chemical 
Effays, that in Cornwall the purity of tin. is afcer- 
tained, before it is expofed to fale, by what is called 
its Coinage. ‘The tin, when {melted from the ore, is 
poured into quadrangular moulds of ftone, con- 
taining about three hundred and twenty pounds of 
metal,’ which, when hardened, is called a block of 
tin; each block of tim is coined in the: following 
mahner:—the officers appointed ‘by the duke: of 
Cornwall affay it, by ‘taking offa piecevof éne of 
the under corners of the block, partly by cutting‘and 
partly by breaking; and°if well. purified, * they 
ftamp the face of the block with the impreffion of 
the feal of the duchy, which ftamp is a permiffion 
for the owner to fell, and at the. fame time an affu-, 
rance that the tin fo marked. has been purpofely 
examined, and found merchantable * | 

The concentrated vitriolic acid aks on-tin with 
the production of fulphureous vapours, part of the 
oxygen of the acid, as is. ufual in the .folutions of 
metals in their reguline ftate, being abftracted. 
The acid diffolves about half its weight of tin, but 
not without the affiftance of heat. The folution is 
very cauftic. . The nitrous\acid is decompofed by 
tin, as it is by moft of\the metals, with great rapi- 
dity. The tin is converted into a white ale which 
_ itis very difficult to reduce. M. de Morveau has 
remarked the formation of a quantity of volatile 


* Borlafe’ s Hiftory of Cornwall, p. 183. , 
ay alkali 


198 Ue of Tinin ding. [Book VI. 
alkali: during the folution of tin in the nitrous acid. 
This is probably owing to a combination of the 
azote, produced by the. acid, with the hydrogen, 
derived from the decompofition of the water con- 
tained in the menftruam. The advocates  for.the 
phlogiftic hypothefis, however, fay, that the hydro- 
ven is the phloegifton of the tin fet at liberty ane 
the folution. 

The fuming muriatic ‘atid acts ftrongly on tin, 


inftantly gee its colour and its property of emit= _ 
ting fumes. The muriatic acid diffolves more than - 


half its weight of tin, and does not let it fall by re- 
pofe. By evaporation it produces brilliant and very 
‘ regularly formed needles, which flightly attraét the 
humidity of the air. The oxygenated muriatic 
acid diffolves tin very readily, and without the 


leaft fenfible effervefcence. Aqua regia, confifting 


of two parts nitrous and one muriatic acid, com- 


: bines with tin with effervefcence and the deve- 


lopement of much heat. The folution of tin in 
aqua regia is ufed by dyers to heighten the colours 
of cochineal, gum lac, and fome other red tinc- 
tures, from: crimfon to a bright fcarlet, in the 


dying of woollens. By firit diffolving tin in the — 


marine acid, and then boiling the folution with 
nitroys acid diftilled from manganefe, M. Herm- 
{teedt has fucceeded in acidifying tin to fuch a de- 


| gree as to convert it into an acid; it had then the 


form of a white powder, fake’ in three times its 
weight of water. 

Tin has a ftronger affinity with the muriatic acid 
than mercury has, and decompoies the corrofive 
ae mercurial 
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mercurial fublimate. To effeét this, the tin is 
firft divided by the addition of a {mall portion of 
mercury ; equal parts of this amalgam and the cor- 
rofive fublimate are triturated together, and the 
mixture expofed to diftillation in a glafs retort with 


avery gentle heat. A colourlefs liquor firft paffes 


over, and is followed by a thick white vapour. 
The vapour becomes condenfed into a tranfparent 
fluid, which continually emits a thick, white, and 
very abundant fume. It is called the fuming li- 
quor of Libavius, and is a combination of the 
muriatic acid and tin. The fmell of this fluid is 
very penetrating, and excites coughing. The vapours 
are not vifible without conta@t of air, and feem to 
confift of a peculiar gas, which is decompofable by 
air, and which then depofits the calx of tin in the 
{fame manner as the hepatic gas of Bergman depofits 
fulphur by the contact of air. M. de Fourcroy 
propofes it as a query, whether this elaftic fluid is 
a compofition of the oxygenated muriatic acid and 
tin? When water is added. to this fuming liquor 
in a certain quantity, it becomes folid, and ceafes to 
emit fumes. It is found that this concrete fubftance, 


when rendered fluid by an increafe of temperature, 


is capable of diffolving more tin without the efcape 
of hydrogen gas. Hence it appears that the 
oxygen necefiary for the folution of this additional 
quantity of metal is not derived from the water 
but the acid, and that the acid to impart it muft 
be in an oxygenated ftate. The experiments of M. 


AAR have thrown much light on the nature of the 
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fumifie liquor of Libavius, ek are re publitheds in r ie 
Annales de Chemie. 

-“Tin is capable of sa ese all the vinetone 
neutral falts. Tin has’a‘confidérable attraétion for 
fulphur, and eafily tinites with icj'when in a {tate of 


fufion, into a black 'mafs.’* Aurum mufivum: ae 


combination of tin and fulphur, obtained: by a parti- 
cular procels. Arfenic cannot eafily be united to tin, 
on account of the volatility of the’former metal. 
Cobalt unites by fufion with tin, and forms an ‘alloy 
in {mall ‘clofe grains of a light violet colour. Bif- 
muth in fmall quantities; as well? as "Zinc, “itnpatt 2 
firmnefs and whitenefS to tint “Mercury diffolves 
tin with great facility, and in’all proportions. hey 
The ufes’of tin are very numerous. It is applied 
to many purpofes ‘in the: arts. Its amalgam with 
quickfilver or mercury is applied to filver looking- 
elaffes. The ufe of tin’ in covering plates. of iron 
hid been already fpecified; and it is alfo employed 
in lining the infide of copper veffels.. It enters into 
the compofition’ of bronze and “bell metal. It is 
the chief ingredient in the compofition of pewter. 
Pewter confifts of tin united to {mall portions of 
other metallic fubftances, fuch as lead, zinc, bif= 
muth, and antimony. We have three forts’ of 
pewter in common ufe; they are diftinguifhed 
by the names of plate; trifle; ley. The plate 
pewter is ufed for plates and difhes; the trifle 
chiefly. for ale pints, quarts, &c. ‘and~ the ley- 
metal for wine meafures and other coarfer ufes. 
Our very beft pewter is faid to confift of one hun- 
cree parts of tin to from ten to feventeen of anti- 
mony. 
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mony. To this compofition the French add a little 
_ copper. In general the lighteft pewter is the beft. 
‘The inferior kinds are heavier and fofter, froma 
quantity of lead with which they are adulterated. 
Putty is prepared from the white calx of tin. The 
folution of tin in aqua regia has been already men- 
tioned as ufeful in dying. When it 1s mixed in the 
dyer’s bath it forms a precipitate, which carries 
down the colouring matter, and depofits it on the 
{tuff which is to be dyed fearlet. The operation of 
tinning copper will be afterwards defcribed. The 
erat of tin has been ufed as a remedy againft 
worms in large dofes, and therefore the fcruples 
which have beeH eateftaiied again{t the ule of 
veffels lined with tin muft be wholly without foun- 
dation. Tin has been analized by many chemifts,. 
with a view to difcover the quantity of arfenic con- 
tained init. The refults of thefe experiments have. 
been by no means uniform. ‘The largeft propor- 
tion, however, which has been detected in any tin 
ufed in commerce, is a grain in an ounce, or one 
five hundred and feventy-fixth part of the com- 
pound; but more frequently no arfenic whatever 
has been difcovered. 
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LEAD. 
General Properties of Lead—Red Lead.—-Litharge.—Natural 
. Hiftory of Lead.—Smelting Lead Ores.—Union with Acidsem 
Plumbum Corneum.—White Lead; how made=—Sugar of 
Lead.—Union with other Metals.—-Common Selder.—Ufes. of 
Lead.—Great Danger from leaden Vefels. —Devonfbire Colic. 
——Means of detecting Lead in Liquors.—Medical Ufes of Lead. 
—Ufes of its Calces in the Arts. 
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HE appearance of this metal 1s well known, 

It is fo foft as to be cut with a knife without 
much difficulty. It is neither fonorous nor elaftic. 
It has very little tenacity; and therefore cannot be 
drawn into fine wire. [t {preads ealily under the. 
hammer, but cannot be extended into very thin 
Jeaves like gold, filver, and tin. Its fpecific oravity 
is rather greater than that of filver, being eleven 
times heavier than water, and it is exceeded | in this 
refpecét by only three metals, gold, platina, and 
mercury. Lead melts at the five hundred and 
fortieth degree of Fahrenheit’s thermometer, before 
it becomes red hot. 

Lead, like tin, at a certain point between its ; fluid 
and folid ftates, poffefles very little cohefion, and 
may be feparated by a fmart blow with a hammer ~ 
into grains, which are ufed in affaying the ores of 
gold and filver. 

; Auead, 
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Lead, foon after it is melted, acquires a film 
_ On its furface, which prefents in fucceffion a variety 
of colours.. This film becomes thicker, and of a 
grey colour, by the continuance of the calcination, 
and is then called plumbum. uftum. If the firft 
. pellicle is removed, another is quickly formed, and 
im this way almoft the whole of the lead may be 
converted into a greyifh powder tinged with green 
and yellow. This powder, being ground ina mill 
‘and wafhed, becomes of a more yellow colour. 
By further expofure to a moderate heat, affifted by 
the reverberation of the flame of the fuel on the fur- 
face of this calx, it gradually affumes an orange, 
and then a bright red colour, and is thus, in about 
forty-eight hours, converted into the fubftance 
called minium, or red /ead. Iflead is, in the phrafe 
of the chemifts, urged with a more violent and 
fudden heat, the appearances which it exhibits are 
different. It is firft converted into a flaky fubftance, 
called litharge, which, by the procefs juft defcribed, 
may be converted into minium, but which, by an 
increafe of heat, becomes fluid, and aé&s fo power- 
fully as a folvent on earthy fubftances as quickly to 
make its way through ordinary crucibles. 

All thefe calces of lead may be eafily reduced to 
the metallic ftate, by. melting them_in contact with 
inflammable fubftances. In calcining and reducing 
fixty hundred weight of lead, there is found to bea 
lofs of eight hundred. This lofs was explained by © 
the old chemifts on the fuppofition of the efcape of 
a volatile fubftance called by them mercurial earth, 


but which was never proved to have any exiftence. 
| | | The 
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The lof, however, ought to be-attributed inefome 
meafure to the evaporatiomof partvof. the lead-itfelf, 
and partly to the imperfection of ‘the procefs;-as.at 
is feldom performed fo accur vag as to ponies the 

whole of the calx. nods et hie: 
ta dadins very rarely found native. Tis fete 
times found in the form of a. calx, called native ce+- 
rufe, or lead ochre, or m that of lead {par of various 
colours, and which aré in general either.rhomboidal 
or cubical. Lead combined with fulphur is:called 
ealena, which is compofed in» generab of Jaminz 
which have nearly the colour and afpect of lead, 
but are more. brilliant, and very. brittle.) A) great 
variety of thefe ores have been difcovered, ‘whichiit 
will not be neceffary to enumerate. © Lead, in fome 
inftances, has. been found combined with various. 
acids; the vitriolic, the phofphoric, the carbonic, 
and the arfenical. The ores of lead very fear spon 
contain filver, and fometimes antimony; 1) < ib 
In felting lead ores the fulphur is dintpaded for 
want of a proper apparatus for colle@ting ir. Ac= 
cording to bifiop Watfon’s experiments, the Derby- 
fhire lead ores contain in general from one: feventh 
to one-eighth part of their weight of fulphur. » One 
of the chief circumftances to be attended to in the 
fmelting of lead ores, particularly fuch as-contain ' 
much fulphur, is to keep them for fome hours ina 
moderate heat, by which that fubftance.. may be 
oradually diffipated. After this the fire mutt be 
raifed to fufelthe mafs completely, by which the 
metal flows through the fcoriz, and is colleéted-in 
the cavity at hie bottom of the furnace. The 
| eC ae - {corize 


Chapi%g.] “White Lead. a ae 
- feoriz beingthen thickened by the addition of lime, © 
fo that they may be raked afide, a ftopper is drawn 
Out ahd the lead fufferéd to flow into an iron pot, 
‘whence it is laded into moulds, which form it Into 
the miafies called pigs of lead. 

» Bead is foluble in the concentrated vittiolic acid, 
‘69 the affiftance of heat only. The lead then forms, 
with'the vitriolic acid, a fubftance fearcely foluble in 
water. It feems'to have a peculiar affinity with 
“this acid, and’ leaves all others to combine with it; 
which is not the cafe with the other metals. 

The nitrous acid acts ftrongly on lead. When 
the acid’is concentrated, it corrodes the lead into a 
white calx; but if it is confiderably diluted, it dif- 
folves.the lead. This folution does not afford a 
precipitate: on the addition of water. Its cryftals, 
obtained by cooling, are of an opake white. This 
{alt decrepitates in the fire, and melts with a yellow- 
ifh flame when laid on ignited charcoal. The calx, 
which is at firft yellow, is quickly reduced into 
globules of lead. The vitriolic acid added to this 
~ folution combines with the metal, and forms a pre- 
cipitation. The marine acid, in the fame manner, 
feizes the lead, and forms a combination, which, if 
expofed to heat, melts into a mafs of a brown: 
colour, called plumbum corneum, from fome re- 
femblance to the combination of the fame acid with — 
filver, called argentum corneum. 

The acetous acid, or vinegar, aéts on lead, parti- 
cularly when applied to it in fteam, in which procefs 
the action of the air probably affifts that of the acid. 
‘To procure white lead, fheets of lead are rolled up 

{pirally, 
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fpirally fo as to leave the fpace of about an inch 
between each coil, and placed vertically in earthen _ 
pots, which have fome good vinegar at the bottom. 
The pots are covered, and expofed to a gentle heat 
for a confiderable time by furrounding them with 
horfe-dung. The fteams of the vinegar circulate 
in the veffel, and attach themfelves to the furface 
of the lead, converting it into white flakes, which 
come off when the lead is uncoiled. . The remain- 
ing lead is again expofed to the fteams of the vine- 
gar, till another cruft is formed, and the procefs is 
repeated till its whole fubftance is converted into 
the white flaky matter called cerufe, or distin 
lead.: 

Such are the deleterious effects of lead, akin 
taken into the human body, that the wretched la- — 
bourers in white lead works are feldom known to 
furvive more than three years, when they expire in 
excruciating pain from the Devonfhire colic, lofe the 
entire ufe of their limbs, or gradually pine away by a 
wafting marafmus.. In a well regulated commu- 
nity fuch works ought to be entirely prohibited, or’ 
at leaft only carried on by the worft of felons, isi 
lives would be otherwife forfeited. 

Lead, after being thus reduced to the fate of 
cerufe by the fumes of the acetous acid, may be 
eafily diffolved in the fame acid ina fluid ftate, and — 
the faline matter thus formed, is then ealled, from 
its {weet but aftringent tafte, fugar of lead. 

To have this falt of lead in the form of tranfpa- 
rent cryftals, it is neceflary to ufe much acid; if 
ah is not a redundancy of acid, moft of the eryf- 

| oer tals 
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tals are {mall and mealy. This may be remedied 
by diffolving them again in diftilled vinegar, and 
repeating the cryftallization. In this manner fo 
much of the acid may be united to the metal as to 
change the appearance of the falt to that of an oily 
fluid. This metallic falt; like others, may be 
decompofed by an alkali. In all thefe cafes the 
precipitates of lead are white, but the calces are 


coloured. . 


The faccharum faturni, or fugar of lead, may be de- 
compofed by heat alone, for, when expofed toagra- - 
dual heat, the acid rifes inja very concentrated ftate. 
This procefs is attended with the remarkable pheno- 
menon of the production of a quantity of ardent 
fpirit. By the phlogiftic hypothefis this fact admit- 
ted of ‘explanation, by fuppofing that the principle 
of inflammability of the metal combined itfelf with a 
portion of water, contained in the acetous acid, and 
thus formed alcohol, or {pirit. Upon M. Lavoifier’s 
principles, however, it may be much better account- 
ed for. It has been proved by him, that alcohol is a 


‘combination of hydrogen, charcoal, and a fmall 


quantity ef oxygen. Now all thefe principles exift 
in vinegar, the bafis of which is hydrogen’ and 
charcoal, brought to the ftate of an acid by their 
union with a large proportion of oxygen. The 
chief difference, ‘therefore, between vinegar and — 
alcohol is, that the former contains much more 
oxygen. As part of the oxygen, however, after 
this operation, is {till retained by the lead, which is 


‘not reduced to its metallic form, it is very natural 


to 
é 
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to fuppofe that part’ of the fluid which nafies over 
fhould be reduced to the ftate of alcohol. 

Nitre, heated with lead, calcines it into a alles 
fubftance, but without producing deflagration. Sal 
ammoniac and common falt are decompofed by be- 
ing heated with the calces of this metal, but the neu- 
tral falts, in general, are not acted on by it. Sulphur 
readily diffoltiedé itby the aftiftance of heat, and ‘pro- 
duces a brittle compound of a deep grey colour 
and brilliant appearance. Phofphorus may be 
united with lead, and forms ‘with it a malleable and 
foft compound, not very different: in zgnenbon 
from lead itfelf. 

Lead combines with bifmuth, and affords a shtecal 
of a fine clofe grain, which is very brittle. © The 
alloy of lead with arfenic has not been examined. 
Nickel, manganefe, cobalt, and zinc, ‘do not’ unite 
with lead by fufion. With antimony it forms a 


brittle alloy, with fome brilliant facets. Mercury | 


diffolves lead with the’ greateft facility.’ Lead 
unites very eafily with ties Two parts of lead‘with 


one of tin form an alloy more fufible than’ either ~ 


of the metals taken feparately, and which is, there- 
fore, ufed by plumbers as a folder. | 
Lead is ufed for a great number of conceal pur- 


potes. Leaden Gl ho wevlh: are very apt to com- 


miunicate injurious properties to all fluids which are 


kept inthem for any length of time, and fhould wholly 
be rejected in the management of fuch fluids as con-’ 


tain an acid capable of acting immediately on the 
metal, and of aiffolving fo much as , irreparably to 


injure’ 


= 
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injure the conftitutions of perfons who are in the 
habit of ufing them. Inftances in which lead re- 
ceived into the body has produced the lingering 
and painful diforder called the painter’s colic, or 
the colic of Poitou, are too numerous to leave any 
queftion as to the pernicious effects of this metal. 
The liquors in which an admixture of lead is moft 
to be apprehended are, cyder, wines, and rum. In 
Devonfhire, from the great ufe of cyder, and 
the improper methods of making it, by which, 
either through carelefihefs or defign, lead becomes — 
diffolved in it, the diforder above mentioned prevails _ 
fo much, as to have obtained the name of the De- 
vonfhire colic. | : 

It is unfortunately the cafe, that lead diffolved in 
vinous liquors is capable of imparting a rich and 
agreable flavour to them, and even of reftoring 
- them after they have become confiderably acidu- 
lated. The temptation to ufe lead, therefore, in this 
way is great; and fo long as dealers are ignorant of 
the pernicious effects of this metal, or want ho- 
nefty to prefer the fafety of their cuftomers to their 
own profit, there is no reafon to hope that the ha-_ 
bit of occafionally ufing it will be abolifhed. The 
adulterating of wines in this manner was fo com-. 
mon a few years ago in France, that it was unfafe 
for ftrangers to ufe the wines which were fold at their 
inns. It is very defirable to be furnifhed with the 
means of deteéting this pernicious ingredient, and 
the following are recommended by an author, whofe 
{peculations even on the moft common fubjects have 
ever been direéted to the ave? good, and are al- 

Vou. Il. ert WA | ways 
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ways productive of public ailvantage *: Boil toge- 
ther, in a pint of water, an ounce ‘a alate lime ed 
halfan ounce of flowers of brimftone, and when the 
liquor, which will be of a yellow colour, is cold, 
pour it into a bottle, cork it up, and referve it 
for ufe. A few drops of this liquor, being let fall 
into a glafs of wine or cyder containing lead, will 
change | the whole into a:colour more or lefs brown, 
according to the quantity of lead which it contains ; 
if the wine is wholly free from lead, it will be ren- 
dered in fome meafure turbid. by the liquor, but 
the colour will be rather a dirty white than a blackifh 
brown. . -\ 

In general, a folution of common liver of fulphur 
will precipitate the lead, but unfortunately iron as 
well as lead 1s precipitated by both thefe tefts, and 
it 1s faid that many honeft wine merchants have been 
ruined by this means, by having unjuftly fallen 
under the fulpicion of adileerating. their wines with 
lead. M. Hannemann has publifhed a paper in the 
Journal de Phyfique, in which he aflures us, that the 
following liquor, whilft it does not ‘precipitate iron, 
will precipitate lead and copper of a black colour, 
‘and arfenic of an orange. Mix equal parts of 
oyfter fhells and crude fulphur in fine powder, and — 


* Bifhop Watfon. This excellent and truly refpectable 
author, this great ornament of the Englifh church, will, I-flat- 
tar myfelf, forgive the very free and frequent ufe I have made 
of his incomparable Effags. He has ever been 

_ €* Mihi magnus Apollo.” 
“« My guide, philofopher . 
and, if I was Hot afraid of prefuming too iat I would add the - 
conclufion of that-well known line. 


put 
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put them into a crucible; apply a brifk'fire in an 
air furriace, fo as to make the crucible of a white 
heat for about fifteen minutes. “The mafs, when 
cold and powdered, fhould be kept in a bottle well 
corked. To: prepare the liquor, put one hundred 
and twenty grains of this powder, and one hundred 
and eighty grains of cream of tartar, into a very 
{trong bottle, fill 1t with water, let it boil for an 
hour, and then cool. Cork the bottle, and frequent- 
ly fhake up the ingredients. After it has. ftood 
for fome hours to fettle, pour off the clear liquor, 
and put it into little bottles, which contain about 
an ounce;*having previoufly dropped into ‘each 
twenty drops of marine acid. Cork them clofe 
by means of wax mixed with a little turpen- 
tine. One part of this liquor, mixed with three parts 
of the wine fuppofed to contain noxious metal- 
lic particles, will difcover, by a black precipitate, 
the fmalleft particle of lead, copper, &c. but will 
not affeét the iron ‘contained in it. Pure wines are. 
not difcoloured by the addition of this liquor. 

The deleterious effects of lead are not confined to 
its action on the ftomach. Men who work in the 
manufactories for the different preparations of lead 
ate liable to complaints very fimilar to thofe who 
drink liquors containing lead. Painters-are fo 
liable to this complaint, from the lead contained in 
paint, that it has obtained, on this account, the 
name of the painter’s colic. 

Lead is the moft powerful article in the materia 
medica in reftraining hemorrhages and exceffive 
difcharges, but its ufe i is fo dangerous that it is not 

Pom very 
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very often employed internally by phyficians. The . 
preparations of lead are, however, highly beneficial, 

without being generally dangerous, as ingredients 

in plafters and other external applications, particu- 

larly in the well known Goulard’s extract. 

_ The calces of lead are ufed in making fome 

Kinds of glafs, of which they increafe the folidity, and 

to which they impart a kind of unétuofity which fits 

them for being cut and polifhed with lefs danger of 
-breaking. Lead enters particularly into the com- 

pofition of flint glafs, and the compofitions called 

paftes, or artificial gems. The chief defect of flint 

‘glafs is, that it is apt to be of unequal denfity, which- — 
renders it difficult to find pieces of any confiderable 

dimenfions. free from ftria. Litharge is alfo em- 

ployed by potters for glazing their ware. 

The ufes of red and white lead, as pigments, 
are well known The common red wafers are co- 
Joured with red lead, as may be eafily feen by hold- 
ing one of them in the flame of a candle} when the — 

ead will be reduced, and appear in little globules; 
_ thefe wafers fhould, therefore, never be left in the 
_ way of children, as they may be induced to fwallow _ 
them, and may confequently fubject themfelves to. 
all the ill effeéts arifing from this fatal i de The 
beft red waters are coloured with vermilion. 
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COP PER. 


General Properties of Copper—Its Natural Hiftory —~Turquoift 
Gem.—Smelting and refining of Copper.—Antique Statues 
preferved by the Green Ruff—Union with Acids —Blue 
Vitriol.—Colouring of Guns.—Cuprum Ammoniacum,.—V erdie 
gris.—Union with Metals.—White Copper.—Pinchbeck.—Gun 
Metal —Bell Metal.—Metal of ancient Statues —Bronze.— 
Speculums of Reflecting Tele/copes—Pot Metal.—Tinning of 
Copper. 


OPPER is a metal of a peculiar red colour, 
and when its furface is frefh and clean it has a 
confiderable degree of fplendor, It is hard, duc- 
tile, and malleable to a confiderable degree, and 
remarkably fonorous. It has a peculiar and unplea- 
fant {mell, particularly when rubbed. Its tafte is 
ftyptic and naufeous. Its tenacity is fuch, that a 
copper wire of one tenth of an inch in diameter is 
capable of fupporting a weight of about three hun- 
dred pounds. Its fracture exhibits the appearance 
of fmall grains. Its gravity is about nine times 
that of water. 
Copper has a great degree of ftrength and rigi- 
dity, approaching to that of iron. It is not in- 
flammable like iron, and is therefore ufed in gun- 
owder works, inftead of that metal. It does not 
‘admit, like iron, of being welded, but this defect is 
aaa by its greater fufibility, by which it 
Fc3 : may 
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may be always formed into the defired fhape. It 

requires for its fufion about the fame heat as gold 

and filver. When.in fufion, for which it requires 

a ftrong white heat, it appears of a blueifh green 

colour, which arifes from a flame of that colour on 

its furface. By a very violent heat it boils, and is 

volatized partly in the metallic ftate. Copper, in a 

heat far lefs than is fufficient to melt it, becomes 

calcined at its furface, and exhibits various colours, 
In a greater heat than is fufficient to produce ‘this: 
effeét, its furface is converted into thin fcales, which 

may be eafily {craped off, 

Copper is fometimes found native, having the 
metallic fplendour, the malleability, and all the 
properties of ordinary copper. It has. fometimes . 
the form of plates, fometimes that of fibres or 
branches, and. is fometimes cryftallized. Copper, 
in, its, metallic ftate, is formetimes found depofited on 
ores of iron, in which cafe it muft be confidered as 
having been feparated. from native vitriol, of copper 
by the fuperior attraction, of. iron for. the vitriolic 
acid... The native folutions of copper often depofit » 
that metal in a calcined ftate in beds of calcareous - 
earth. The turquoife ftone. is the tooth of an 
animal, penetrated with the blue calx of copper. - 
Copper 1 is generally found, however, contained: in 
ores. Thefe are frequently mineralized by fulphur. 
"What. are improperly called the vitreous ores of > 
copper are of this kind; they, are brown,. red, and. | 
erey, and thefe colours are frequently mixed with a. 
greenifh or violet tinge. Thefe: melt. ealfily, are. : 
.very ponderous, may be feratched or even. cut with. . 

¢  aknife, 
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_ a knife, and are very rich in metal, ‘as an hundred 

pounds of them ufually yields from eighty to ninety 
of copper. ‘The azure copper ore differs from the 
former chiefly in containing a confiderable quantity 
of iron. The grey copper ores, which have not 
much fplendor, confift of copper, fulphur, arfe- 
nic, and fome iron. What are called copper py- 
rites contain in reality more iron than copper, but 
yield enough of the latter metal to anfwer the ex- 
pence of working them; they are generally of a 
yellow and brilliant afpeét. Copper is alfo, in fome 
{pecimens, found united with flate, pitcoal, zinc, and 
antimony. 

Copper is feparated from its ores by different 
proceffes, according to the nature of thofe ores. If 
they contain much fulphur, after being pounded 
and wafhed, they are roafted in the open air to 
difpel the fulphur, which in a great meafure fup- 
plies the want of other fuel. ‘The ore is afterwards 
roafted once or twice more with wood, and is 
melted in an open fire into a mafs called a mat of 
copper. In this ftate it ftill contains a large quan- 
tity of fulphur, which the workmen continue to 
expel by repeated roaftings and fufions, ull the 
metal acquires a certain degreé of purity, and is 
called black copper, which is fomewhat malleable, © 
but ftill contains fulphur, iron, and generally fome 
other impurities. In order to get entirely rid of 
thefe, the copper is haftily fufed with three times 
its weight of lead. ‘The lead unites with the 
copper “ahd expels thé iron, and the imperfect — 
metals, which happen to be mixed with the copper, 

| Fz are 
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are expelled by cupellation. The copper is after- - 


wards refined, by keeping it heated in crucibles for 
a confiderable time, fo that it may throw up all the 
foreion fubftances it ftill contains in the form of 
fcoriz. It is examined, from time to time, by 1m- 
merfing iron rods in it, which become coloured 
with a {mall quantity of copper, and its purity 1s 
- judged of by the brilliant rednefs of thefe BS 
mens. 

.Copper is not fo eafily aéted on by the air as 
iron. In fituations, however, where it is expofed 
to the action of moift air, it becomes gradually co- 


vered with a green ruft or calx, which is fapid and . 


foluble in water. This ruft never penetrates into 
the fubftance of copper, but feems rather to contri- 
bute to the prefervation of its internal parts, as may 
be feen in antique medals and ftatues of this metal. 
Copper does not unite with earthy matters ; 
its calx, however, promotes their fufion, and forms 
with them glaffes of a deep brown. Cauttic fixed 
alkalies, digefted in the cold with filings of copper, 
affume, after a time, a light blue colour, the cop- 
per becoming covered with a powder of the fame 
colour. Copper, treated in the fame manner with 
volatile alkali, produces, in a few hours, a deep: and 
moft beautiful blue, the quantity of copper taken 


up being very inconfiderable. From the {trong | 


blue colour produced by the action of copper and 
volatile alkali, they become excellent tefts of the 
prefence of each other in any body, fluid or folid. . 
Copper is in general eafily acted on by acids. 
Tl he vitriolic acid, however; does not act on it 


unless 
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unle{s concentrated and affifted by heat; it then 
corrodes the copper. into a brown matter of a thick 
confiftence, which, by the addition of water, affords 
a folution of a deep blue colour. If this folution is 
evaporated to a certain point, and fuffered to cool, 
long rhomboidal cryftals are afforded of a deep 
blue colour, called vitriolated copper, or blue vi- 
triol; it appears therefore that vitriolic acid forms, 
with iron, green cryftals; with zinc, white cryftals; 
and with copper, blue cryftals. 

Copper may be obtained from the folution of 
blue vitriol, by dipping into it pieces of iron. The 
vitriolic acid diffolves the iron in preference to the 
copper, and depofits the latter, in its metallic form, | 
on the furface of the iron. Upon this circumftance 
is founded the procefs for browning fowling pieces, 
The barrels are moiftened with a folution of blue 
vitriol, which diffolves the iron to a very inconfi- 
derable depth, and depofits in its place a thin lamina 
of copper. 

Blue vitriol has a ftrong ineic tafte, and is in 
fome degree cauttic. Hxpoled: to heat it parts 
with its water of cryftallization, melts, and becomes 
of a pale blue colour. A ftrong heat is required 
to feparate from it the vitriolic acid, which adheres 
more firmly to copper than.iron. Blue vitriol is 
decompofed by magnefia and by lime. If the mild 
vegetable alkali is poured into a folution of blue 
vitriol, a precipitate is formed of a pale blue co- 
lour, which, however, becomes green by expo- 
fure to air: in this experiment no effervefcence 
takes place, and we may therefore conclude that 


the 
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the carbonic acid of the mild alkali unites with the 
calx of copper. Volatile alkali precipitates the 
folution of blue vitriol, in the fame manner, of 2 
-blueifh white colour; but the mixture very foon 


becomes of a deep blue colour, which happens ~ 


from the alkali re-diflolving the precipitate. In order 


to obtain the cuprum ammoniacum, which has been 
recommended as a remedy for epilepfy, add. vola- 
tile alkali till the whole precipitate of copper 1s 
_ rediffolved, then fet the folution before a fire in a 
flat veffel, and let it gradually evaporate, which 
fhould be done with a heat not exceeding that of 
the human body; the matter which remains at the 
bottom, in the form of a cruft, muft be rubbed in a 
mortar, that it may be intimately mixed. 

The blue vitriol of the fhops is made by means 
of the adtion of fulphur upon copper; thefe are 
wently calcined together; the fulphur attracts the. 
oxygen of the atmofphere, and unites with the cop- 
per into a foluble powder, which is afterwards 
cryftallized into blue vitriol. 


A beautiful’ green paint may be precipitated 


from blue vitriol, by means of white arfenic dif- 
folved in water together with vegetable alkalt. 


The nitrous acid diffolves copper with creat 
rapidity, without the affiftance of heat, Wiel the | 


production of a large quantity of nitrous gas. 


\ 


Part of the metal falls down in the form of a ay | 


and the filtrated folution, which is of a much deeper 
blue colour than the vitriolic folution, affords cry{- 
tals by flow evaporation. This falt is more corro- 
five than vitriolated suit it fo powerfully. Or 

tracts 
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araéts the humidity of the atmiofphere that it de- 
liquefces, unlefs kept in clofe -veffels or in a very 
dry place. When melted in a crucible it emits 
large. quantities of nitrows vapour and becomes 
brown, in which ftate it ie merely a calx of copper: 
in a dry and hot air this falt becomes covered with 
a green efflorefcence. It @etonates flightly on burn- 
ing coals. , 

The muriatic acid aft; with ereat difficulty on 
- copper in its metallic fta se, brat diffolves its calces 
_ with confiderable rapidityy. This may be eafily 
accounted. for from the ftrrong attraction which the 
bafe of the muriatic acid fhas for oxygen; fo that. it 

will not part with any of 1: to oxygenate the metal, 
and no metal is foluble im acicts without being firft 
oxygenated. When, however, the metal has been 
prepared for folution by an uni on with oxygen, that 
is by being calcined, the acid then diffolves it, and 
adheres very clofely, fo that it’ is with great diffi- 
culty feparated: by heat. [he muriatic folution of 
copper is of an agreeable green colour; and affords 
cryftals of the fame, and in tl iis particular differs 
remarkably from the vitriblic « ind nitrous combi- 
nations of copper, which are of : a deep blue. 

The vegetable acids diffolve copper when cal- 
-cined, but fcarcely aét on it:in 1 ts metallic ftate. Ie 
4S a curious circumftance, whi ch has never been 
fufficiently explained, that vege table acids a&t more 
powerfully on copper when cold than when they are 
heated.’ Thus pickles, or even Ie :mon juice, may be 
boiled ‘in clean copper vellels without danger; and 
yet, if left fora few hours, when : cold, in copper vef- 

x fels, 
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fels, they are apt to contract a metallic i impregnation 
fufficient to produce dangerous effects. This fact 


has by fome chemifts been attributed to the fteams 


of the boiling fluid keeping off the air, which is 
thought to aftit the action of the acids. 
Veuhigrisn is avery beautiful green ruft or calx of 
copper, much ufed by painters, and prepared in 
Jarge quantities near Montpelier in France. The 
procefs for making verdigris was thus defcribed by 


M. Monnet, of the Royal Society of Montpelier, » 


about the year 1750. Vine ftalks, well dried in 
the fun, are fteeped, during eight days, in ftronge 
wine, and afterwards drained; they are then put 


into earthern pots, and wine is poured upon them; . 
the pots are kept carefully covered. The wine . 


undergoes the acetous fermentation, which i in fum- 
mer is finifhed in feven or eight days, but requires 


a longer time in winter, somal this operation is — 
always performed in cellars. When the fermenta-_ 


tion is fufficiently advanced, which may be known 
by obferving the inner furface of the lids of the 
pots, which, during the progrefs of the fermentation, 
are continually wet by the moifture of the rifing va- 
pours, the {talks are to be taken out of the pots. 
The ftalks are by this method impregnated with all 
the acid of the wine, and the remaining liquor is 
only a very weak vinegar. The ftalks are now 
drained fome time in batkets, and layers of them 
are put into earthern pots with plates of Swedifh 
copper, fo difpofed that each plate may reft on and 


ne 


be covered with layers of ftalks. The pots are co- - 


-vered with lids, and the copper is thus left expofed - 
: TO 


/ 
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to the action of the vinegar for three or four days 
or more, in which time the plates Bakaiie covered 
with verdieris. The plates are then taken out of 
the pots, sid left in the cellar three or four days, 
at the end of which time they are to be moiftened 
with water, or fome of the weak vinegar above 
mentioned, and left to dry. When this moiftening 
and drying of the plates has been repeated three 
times, the verdigris will be found to have increafed 
confiderably in quantity, and it may then sti {craped 
off for fale. 

A folution or erofion of copper may be obtained 
by employing ordinary vinegar inftead of wine, as 
is directed in the above procefs. It would not, 
however, have the unctuofity of the beft verdigris, 
which quality is neceflary for painting. Good ver- 
digris cannot be prepared, except with a vinous 
acid, or a folvent partly acid and partly {pirituous. 
Accordingly the fuccefs of the operation depends 
chiefly on the degree of acetous i che to 
which the wine Hae’ been carried. 

By diftilling verdigris, the acetous acid may te 
feparated in a concentrated ftate, and of a ftreneth 
equal, or perhaps fuperior, to the muriatic acid. 

Copper is capable of a very flight detonation 
with nitre. It decompofes fal ammoniac, and at the 
fame time the volatile alkali is in fome meafure 
-refolved into its conftituent parts, azote and hy- 
drogen. 

Sulphur and phofphorus may be united to cop- 
pers they deprive it of its metallic fplendor, and 
change ittoablack colour. If plates of copper are 

ms {tratified 
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ftratified in a crucible wath fulphur, they unite, and 
form a compound which is ufed in the dying and 
painting of calicoes. Liver of fulphur and hepatic 
eas have a ftrong action on copper; the former 
diffolves the metal by the dry, as well as by the 
humid way; the latter ftrongly colours the furface, 
but its effect has not yet been well examined into. 
Oils alfo diffolve copper, particularly thofe of an 
aromatic kind. 

_ There are few metals which will not form aa 
with copper. A metallic compound is made with 
arfenic in imitation of filver, but it foon tarnifhes. 
In treating of zinc, the procefs for making brafs has. 
been defcribed. Pinchbeck is a kind of brafs made 
in imitation. of gold. Copper is the bafe of gun 
snetal and bell metal, Gun metal is faid to confit” 
of copper, with about one tenth part of tin; bell 
metal, of copper with about one fifthoftin. It may 
in general be obferved, that a lefs proportion of tin 
is ufed for making church bells than clock bells, and 
that a little zinc is added for the bells of. repeating 
watches, and other fmall bells. 

Copper, in a ftate of fufion, is liable to’a violent 
explofion if touched with any humidity. In the 
cafting of bells and cannon they are particularly 
careful to have the moulds dry; for if the leaft 
moifture finds accefs, it is fuddenly converted into 
vapour, and by its expanfion throws the metal toa - 
‘ confiderable diftance, to the great danger of the 

_perfons prefent. | 
The beft poffible proportions of copper dad tin, 

for the above purpofgs, have never, I believe, been 
| “ae accurately 
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accurately afcertained. The metallic compound 
ufed by the Romans for their flatues and plates for 
infcriptions, is handed down to us by Pliny the na- 
turalift. ‘They firft melted a quantity of copper; 
into the melted copper they put a third of its 
weight of old copper, which had been long in ufe; 
to every hundred pounds weight of this mixture 
they added twelve pounds and an half of a mixture 
compofed of equal parts of lead and tin. Tin melted 
with copper forms the compound called bronze. 
Of. this compound the fpecific gravity is always 
ereater than would be deduced by computation 

from the quantities and {pecific gravities of its coms 
- ponent parts. There feems to be a happy relation 
between thefe metals, which fits them for forming, 
in conjunction, compounds of great firmnefs, den- 
fity, and clofenefs. From thefe properties they 
admit of an excellent polifh, and-Pliny accordingly 
informs us, that the beft looking glaffes of his time 


-- were made of a compofition of copper and tin. But 


the attention of philofophers is more particularly 
direéted to the mixture of copper and tin, on ac- 
count of its being the fubftance of which the fpe- 

culums_ of reflecting telefcopes are made. Mr. 
Mudge found, after a number of trials, that fourteen 
ounces and an half of grain tin, with two pounds 


- of copper, made the beft compofition for this pur- 


pofe; an addition of half an ounce more of the tin 
rendered the compofition too hard to be properly 
polifhed. 

Pot metal is made of copper and lead, the latter , 
being one fourth or one fifth of the weight of the 
former. Lead, however, does not feem to have any | 

remarkable 
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remarkable attraction for copper, and oe not pro- 
mote its fufion, unlefs the lead is heated to a high 
degree ; the copper then diffolves with fome degree ree - 
effervefcence. On allowing the compound to cool, 
_ the copper feparates again, and forms little grains in 
the mafs, through which the lead remains difperfed. 
It is eafy to feparate the lead again from the copper, 
if the mafs is expofed in a furnace; for the lead 
melts firft and leaves the copper; the lead, how- 
ever, which runs off at firft, contains fome of the 
copper, which may be eafily feparated by melting 
the lead’ and taking off the fcum, which contains 
the copper. Silver is feparated from copper by 
melting the latter with three times its weight of 
lead; the lead is then melted out, and carries with it 
the filver. The filver is afterwards feparated from 
the lead by the calcination of the latter metal. 

From the bad effe&ts which have been experien- 
ced from impregnations of copper in aliments dref- 
fed in copper vefiels, it has become a very general 
cuftom to cover thefe veffels with an internal coat 
of fome other metal. ‘The method of tinning iron 
has been defcribed, and. that of tinning copper is 
very fimilar, except that the comipoficion for cover- 

ing the furface of copper confifts of about one part 

ar: lead to ewo of tin, whereas iron is covered with 
tin alone. Zinc has been recommended as a fub- 
ftitute for tin in thefe operations, and has the ad- 
vantage of fuperior hardnefs. ‘The method of tins 
ning copper veffels is by making their’ internal 
furface perfectly bright, and then wafhing them 
with a, folution of fal ammoniac. - The veftel is 

| next 
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next heated, and the tin or metallic mixture is 
melted and poured -into it, and being made to flow 
over every part of the furface of the veffel, it in- 
corporates with the copper, and when cold remains 
united with it. Rofin, or pitch, are fometimes ufed 
to prevent the tin from being calcined, and the cop- 
per from being {caled, either of which circumftan- 
ces would prevent the adhefion of the tin. Bifhop 
Watlon eftimated the quantity of pure tin which is 
ufed in tinning a definite furface of copper, and 
found that half an ounce of tin was fpread over 
two hundred and fifty-four fquare inches, or forne- 
what lefs than a grain of tin on each fquare inch; 
but the fame author fufpects, that not a quarter of 
a grain of tin is fpread over a {quare inch in the 
ordinary mode of tinning, and therefore recom- 
mends it as a neceflary caution again{t the coat 
being rubbed off, and the copper becoming expoled, | 
to make it as thick as poffible, and to ufe tin nearly 
pure. | 

A very excellent method of tinning, and one much 
practifed in England, is, to make ufe of pure 
tin, and hammer it on the copper. It feems pro- 
bable, however, that when copper veffels are kept 
well fcoured, that no danger will arife from them in 
the drefling of animal food, or even of vegetable 
aliments, unlefs fuffered to remain in the veliels 
when Fuld, 
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MERCURY. 


~ 


Great Attrafion of this Metal for the Matter of Heat. Quick/filwer ; 
rendered folid; malleable-—General Properties of Quickflver.— 
Hydrargyrus calcinatus.—-Natural Hiftory of Mercury.——Cinnas 
bar.—Native Vermilion—Aion of Acids on this Metal —T ur- 

bith Mineral.—Red Precipitate.—White Precipitate.—Corrofive 
Sublimate.——Calomel—Keyfer’s Pills—Ethiop’s Mineral. 
Vermilion. —Amalgams.—Gold made brittle by Mercury.—Mode 


of gilding Metals.—Uyfe of Quickfilver in extradting the precious 
Metals from the Earth —Making of Looking Glaffes.— Conditions 
neceffimy for the Operation of Mercury on the human Body. 


HE circumftance which moft remarkably 
| diftinguifhes mercury, or quickfilver, from | 
the other metals, is its {trong attraction for heat, 
fo that it retains the ftate of fluidity at the ordinary 
temperature of the atmofphere, and at the tempe- 
rature of 6c> degrees of Fahrenheit is converted 
into vapour; -few of the other metals, therefore, 
melt at fo low a point as that at which mercury 
_ boils and is volatilized. It was long taken for grant- 
ed that there was fomething peculiar inmercury, 
which rendered it neceffarily fluid; but the acade- 
“micians of Peterfburg have proved that this is an 
‘erroneous idea, and fhewn that mercury. differs 
from other metals merely in the degree of heat at 
which it paffes from its folid to its fluid ftate. The 
congelation of mercury has been effected in a va- 
riety of inftances by the help of the nitrous acid and 
{now, or pounded ice, commonly called the freez- 
ing 


ye 
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ing mixture, and the congelation is found to take 
place at the thirty-ninth degree below o of Fahren- 
heit’s thermometer. Mercury, i in its folid’ ‘form, is 
found to have confiderable malleability, but this 
cannot be proved to its fulleft extent, becaufe the 
hammering of it produces very foon a ane ce of 
heat fufficient to melt it. 

Mercury being a metal ina ftate of fafion, al- 
ways affects the aan of globules when it is divided; 
and when it is confined in a bottle, its furface is 
convex, from the ftrong attraction of its particles 
for each other. If Hes veflel, however, in which 
mercury is confined, is metallic, its furface appears 
concave, from the tendency which ic has to unite 
itfelf to the fides of the veffel, which attraction 
overcomes that between its own particles. 

When mercury is fubmitted to that degree of 
heat at which it is volatilized, and is at the fame 
time expofed to the, aétion of atmo{pherical air 
it is gradually converted into a calx of a red co- 
lour; the hydrargyrus calcinatus of the London 
pharmacopeia. A greater heat, however, revives 
this metallic calx, aad at the fame time the vital. 
air is again extricated. vaet 

Mercury i is not fenfibly acted on by expofure to 
air, but by long continued agitation it becomes 
partly iebaverted into a very is ‘ine black powder. 
The mercury is not changed i in this experiment, 
unlefs, perhaps; it fhould be found that it abforbs 
fome part ‘of the vital: air contained in the 
vellel in which it is confined, By a flight heat, 
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or by trituration in a warm mortar, it may be 
made to refume its ufual fluidity and brilliancy. 
Mercury is found in the earth, either in its native 
metallic ftate, or combined with fulphur, when it is 
called cinnabar. Running mercury is found in 
globules, or larger mafies, in friable earths or ftones, 
and moft commonly in the clefts or cavities of its 
ores. It is more frequently, however, imbedded 
in calcareous earths: or clays of different colours, 
from which it may be feparated either by tritura- 
tion or lotion, the fmaller globules coalefcing by 
mutual contaét into larger; or by diftillation. 


More mercury is found in the ftate of cmnabar | 


than in its metallic form. This ore confifts of 
mercury and fulphur combined together in differ- 
ent proportions. Cinnabar is fometimes found in 
the form of a brilliant red powder, and is then 
called native vermilion, fometimes in an indurated 
ftate, and though generally red, has been fome- 
times obferved of a yellowith or blackifh caft. et 


it is moftly opake, but fome {pecimens are as tranf- 


parent as a ruby. 

Mercury is too volatile to admit of the fulphur 
being feparated from it by roafting ; thefe fubftances 
are both fo volatile that they would rife together. 
In order to feparate mercury from its ore it is ne- 
ceffary to add quick lime, or iron filings, unlefs 
fome fubftances of a fimilar nature happen to be 
naturally mixed with it; the mafs is then fub- 
mitted to diftillation, and the calcareous earth, or 
iron filings, ‘by fuperior attration, detain the ful- 

phar, while the mercury comes over in the ftate of 


salt? | 
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vapour, and is condenfed in the receiver. Differ- 
ent Cinnabars yield from three parts to feven parts 
in eight of their weight of mercury. Mercury 
has fometimes been found united with the muriatic 
‘and vitriolic acids, and with the ores of fome other 
metals. It is thought to be not abundant in na- 
ture ; but this opinion may be partly owing to its 
volatility, which may prevent it from being dif- 
covered in many minerals that may contain it. 
Moft of the mercury in commerce is afforded by 
the mines of Idria in the Auftrian dominions, Al- 
maden in Spain, and Guancavelica in Peru. 

The vitriolic acid does not act on mercury un- 
lefs concentrated and confiderably heated; it then 
¢orrodes it into a white mafs, and the vitriolic acid 
is rendered partly volatile by the abftraction of 
oxygen. The greateft part of this mafs, which 
weighs confiderably more than the mercury made 
ufe of, is a calx of mercury united toa fmall por- 
tion of vitriolic acid, but part of it is a perfect falt, 
formed by the union of the vitriolic acid and mer- 
eury. If boiling water 1s added to it, it affumes a 
bright lemon colour, which is owing to the ‘ab- 
{traction of the vitriolic acid, the prefence of which 
rendered the mafs white. The more boiling water 
is ufed the yellower is the remaining powder, 
which, after repeated effufions of water, is found 
to have no caufticity, and to be nearly a pure 
calx of mercury. This is the fubftance known 
under the name of turbith mineral. The water, 
which has been poured on the vitriolic mercurial 
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mafs, is found to. contain a confiderable quantity 
of vitriolic. acid united to the calx of mercury. 
~ The nitrous acid -is decompofed © by mercury 
with the greateft rapidity. Strong nitrous acid will 
take up its own weight of mercury in_ the 
cold, and this folution will bear to be diluted. with 
water. If the folution is made by the affiftance of 
heat, a much larger quantity is diffolved ; but a 
‘precipitate 1s produced by the addition iF water, 
If cold’water is employed, a white ‘precipitate Br: 
afforded, but if hot water the precipitate is of a yel- 
low colour, and greatly refembles the, turbith mineral 
produced, by the vitriolic acid. If acid is added 
to the folution produced by heat, it is not decom. 
pofed by water. ‘This folution is very ponderous 
and acrid,, and ftains the {kin of a deep. purple, in- 
clining in appearance to black, a portion of the 
mercury being precipitated ‘by the animal matter, 
while the acid Wee on it. Cauftic alkali, added to this 
folution, precipitates a pure calx ; mild alkali, a calx 
combined with carbonic acid. The volatile alkali 
precipitates the mercury in the form of a dark grey 
powder. | When this precipitate is examined, it 
is found to contain a quantity of mercury in its me- _ 
tallic ftate. If this matter is dried and rubbed on 
pure gold, it turns white, by which we may difcover 
mall quantities of mercury in the metallic ftate, 
‘The near approach to the metallic ftate, obferved in 
the precipitate afforded by the volatile alkah, feems 
to be owing to the prefence of hydrogen, which is 
ane of the. conftituent principles of volatile alkali, 
and which has a ftrong attraction for oxyg gen. | 


The 
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|The precipitates of mercury, formed by alkaline 
intermediums, have a property difcovered by M. 
- Bayen; which muft not be paffed over in filence, 
: They detonate like gun-powder, when expofed in 

an iron fpoon'to a gradual heat, after having been 

triturated in the quantity of half a drachm, with fix 

erains of flowers of fulphur: after the detonation, 

a violet powder remains, which may be fublimed 

into Cinnabar. 

The nitrous acid may be feparated from mercury 
by heat alone. Its firft effect is to evaporate the 
watery parts; after this the acid flies off in deep- 
coloured fumes ; as the acid evaporates the calx be- 
comes yellow, then of a deep red, but when re- 
moved fome time, orange. This is the red preci- 
pitate of the fhops. The nitrous acid, therefore, 
as in the cafe of other metals, though it aéts 
with more rapidity, adheres with lefs force to the 
mercury than the vitriolic acid, which acts flowly 
and with difficulty. This proceeds, as was before: 
mentioned, from the eafe with which the nitrous 
acid is decompofed, fo as to afford to metals the 
oxygen which is neceflary to render them foluble. 

The muriatic acid has no action on mercury in 
its metallic ftate, becaufe it cannot part with the 
oxygen neceflary to calcine the metal. It has, not- 
withftanding, a very ftrone attraction for mercury; 
and diffolves it with great readinefs when the latter 
is previoufly reduced to the ftate of a calx. If a 
fall quantity of muriatic acid is poured on a 
nitrous folution of mercury, it feizes the metal, and 
forms a falt, which is precipitated in the form of a 
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whitifh coagulum, which, when dried, is called white 
precipitate, and is a kind of corrofive fublimate. — 
The marine falts, with bafe of alkali, or of any 
faline terreftrial fubftance, fuch as lime, magnefia, 
&c. produce the fame effect, except that in 
this cafe, though the precipitate is the fame, the 
nitrous acid,. inftead of being left uncombined, 
unites with the bafis of the marine falt vail was 
employed. rye 

If mercury, corroded by the vitriolic or nitrous 
acids, and dried, is mixed with powdered fea falt, 
and expofed to heat, a double attraction takes place ; 
the nitrous or vitriolic acid deferts the metal to 
unite with the fixed alkali of the common falt, 
while the muriatic acid feizes upon the mercury, 
and forms a metallic falt, which, in the degree of 
heat neceflary for the operation, proves volatile, and, 
rifing in vapour, is condenfed in a folid form in the 
upper and cool part of the veffel employed. This 
is the hydrargyrus muriatus, or corrofive fublimate, 
which is a very acrid and powerful preparation of — 
mercury. | 

The mild preparation, called calomel, is states 
by rubbing three parts of mercury, in its metallic 
ftate, with four of corrofive fublimate, till they 
form a greyifh powder; the mafs is then fublim- 
ed*, and forms a fubftance like corrofive fublimate, 
but more ponderous, and of a more filvery appear- 
ance. The ingredients, however, are not fufficiently 


* Made volatile, or raifed in vapour, by the application of : 
heat. 
mixed 
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mixed by the firft fublimation; they mult be rub- 
bed together again and fublimed; and thefe pro- 
ceffes muft be repeated.at leaft three times. 

The converfion of the corrofive fublimate into | 
the milder fubftance, calomel, may be explained on 
the following principles:—In the corrofive fubli- 
mate, the muriatic acid is found to be combined 
with a very large quantity of oxygen, which renders 
it extremely active. By the addition of mercury, 
a quantity of this fuperfluous oxygen 1s abftracted, 
for the calcination of the additional metal; and the 
whole mafs, therefore, contains the acid not only 
in a milder ftate, but the fame quantity of acid is 
diffufed through a larger mafs of the metal. 

Ponderous earth, magnefia, and lime, decompofe 
the corrofive fublimate, and precipitate a mercurial 
calx.. The phagedenic water, made ufe of as a cor- 
rofive by furgeons, is made by throwing half a 
drachm of corrofive fublimate, in powder, into a 
pound of lime water ; a yellow precipitate is then 
formed, which renders the liquor turbid. 

Acids and neutral alkaline falts produce no 
change on corrofive fublimate, but it contracts an 
intimate union with fal ammoniac without decompo- 
fition. The fal ammoniac renders corrofive fubli- 
mate very foluble. The calx hydrargyri alba of the 
London Pharmacopeia is obtained from this com- 
bination. A quantity of fal ammoniac is diffolved in 
diftilled water; an equal weight of corrofive fub- 
limate is then added ; when this is diffolved, fixed 
vegetable alkali is added, which produces a white 
precipitate, In this operation the fixed alkali dif- 

: ae engages 
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engages the volatilealkali of the fal atnmoniae dedvioh 
precipitates the. mercury in the form ‘of a white. 
calx.  TRis preparation is chiefly ufed in liniments 
externally. It is fometimes adulterated with ce- 
rufe, as the red precipitate is with minium. ‘The 
fraud may be difcovered by expofing a fmall quan- 
‘tity to heat in a fpoon; if pure they will be en- 
tirely diffipated, but if they contain lead, or other 
impurities, thefe matters will rematn behind. 

If the fale formed by the combination of aces 
tous acid with the fixed vegetable alkah, com- 
monly called regenerated tartar, or kali acetatum, is 
added to the folution of quickfilver in the nitrous 
acid, a double exchange takes place ;' the’ alkali 
unites with the nitrous seid while the acetous acid 
enters into combination with the mercury, and ts 
precipitated. This precipitate (being purified by 

| folution in hot diftilled water and filtration) has 
nearly the fame medical properties as calomel, and 
is faid to form the bafis of Keyfer’s pills. The 
acetous acid does not aét on mercury unlefs when 
reduced to the ftate of a calx. ' 

As mercury is commonly, in a ftate of nature, 
combined with fulphur, fo it may be artificially - 
united to it with great eafe. When one part of this 
metallic fluid is triturated with three parts of flowers 
of fulphur, the mercury gradually lofes its metallic 
appearance, and is converted, by its union with the 
fulphur, into a black powder, called Ethiop’s mi- 
neral. This combination is more quickly effected 
by mixing the mercury with melted fulphur. When 


ee a ioe: is expofed to a confiderable degree 
: of 
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of heat it takes fire, the greater part of the fulphur 
‘burns, and after the combuition a matter remains, 
which, when pulverized, is of a violet colour. To 
convert this: powder into cinnabar it is put into ma- 
traffes *, which are heated till their bottoms be- 
come red, and kept in this ftate for feveral hours, 
till it appears that the matter is entirely fublimed. 
The Dutch prepare, in the large way, the cinnabar 
employed in the arts. When much divided by levi- 
gation }. it has a brilliant red colour, and is .called 
vermilion. 

Mercury has the property of uniting itfelf to many 
of the metals, by penetrating their fubftance, and - 
rendering them more or lefs foft, according to thé 
proportion of mercury. employed. If the pro- 
portion of quickfilver is very great, the mixture is 
like quickfilver, and is only diftinguifhed from it 
by an appearance of foulnefs.. Ifa fmaller quantity 
is ufed, the mafs is foft like butter; if ftill lefs, it is 
folid but brittle. ‘Thefe mixtures are called amal- 
gams. It readily combines in this way with gold, 
filver, lead, tin, bifmuth, and zinc, but not eafily 
with arfenic and copper, and fcarcely at all with 
iron, platina, nickel, or cobalt. Its action on the 
other metallic bodies has not been afcertained. 
A piece of gold, being rubbed with quickfilver, . 
is foon penetrated by it, and is rendered fo fragile 


* Veffels ufed in chemical operations, of glafs or earthen- 
ware, generally of the fhape of an egg, and open at the top, 
the necks are long or fliort, as occafion may require. 

t Reduced to a fine powder. | 

, | that _. 
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that it may be eafily broken. A gold ring, which 
has become fo ticht on the finger that it cannot be 
drawn off, may he eafily removed i in this manner, 
Gold, united with quickfilver in certain proportions, 
forms a kind of pafte. On this property is founded 
‘the procefs of gilding in or moulu. A fmall quan- 
tity of this pafte is fpread upon the furface of the 
copper which ts to be gilded in or moulu, and the 
metal is then expofed to heat. Quickfilver evapo- 
rates in a far lefs decree of héat than is fufficient 
to melt either gold or copper ; when, therefore, the 
mixture of gold and quickfilver is expofed to heat, 
the quickfilver is driven off in vapour; but the 
gold, not being fulceptible of evaporation, remains — 
Sona to the furface of the copper, and undergo- . 
ing the operations of burnifbing, &c. the latter is 
gilded, or gilt. This method of gilding copper, by 
means of gold and quickfilver, was known to the 
Romans. The furface of iron cannot, be covered 
in the fame way with gold; but the iron, by 
being moiftened with a folution of blue vitriol, as 
in the proce(s for browning firelocks, and being thus 
covered with a lamina of copper, becomes as fuf- 
ceptible of being gilded as if its whole fubitance 
was copper. * 
_ It is this property which quickfilver has of unit- — 
ing with the precious metals, and diffolving them, 
which has rendered it fo ferviceable in the extraction 
of them from the earth with which they are mixed. 
The earth or ftones, in which gold and filver are 
contained, being reduced to powder, are mixed with 
quickfilver, which diffolves every particle of the 
- ~precious 
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precious metals without contracting the leaft union 
with the other matters; the guickfilver is then 
driven off by heat, and, being condenfed in the re- 
ceiver, is again employed in the fame procefs.. The 
gold and filver are feparated from each other by 
procefies, which will be defcribed in treating of 
thofe metals. Since the difcovery of the American 
gold mines, the confumption of quickfilver has 
been much increafed: \ Hoffman concludes, from 
calculation, that fifty times as much gold as quick- 
filver is annually extracted from the bowels of the 
Partie) Ma. 3 

Looking glaffes are covered on one fide with an 
amaleam of tin and mercury. . Tin, being beaten 
into thin leaves, is called tin foil; on tin foil, evenly 
difpofed on a flat ftone, quickfilver is poured, and 
fpread with a feather until its union has brightened 
every part of it; a plate of glafs is then cautioufly 
flid upon the tin foil, in fuch a manner as to {weep 
off the redundant quickfilver which is not united 
to the tin; weights are then placed on the olafs fo 
as to prefs out ftill more of the quicklilver, and ina 
little time the tin foil, thus united to the quickfilver, 
adheres fo firmly to ihe glafs that the weights may 
be removed without any danger of its falling of. 
About two ounces of quickfilver are ufed in cover- 
ing three {quare feet of glafs. 

‘In order to make mercury capable of afting on 
the animal body, it is neceffary that it fhould under- 
go fome preparation ; for its particles muft be very 
minutely divided before they can enter the veffels. 
Thus, if we apply guickfilver to a capillary tube, 

: the 


238 Adion of Mercury on the Human Body. [BookVI. 
the attraction of its particles for each other is fo 
{trong that they will not rife in it ;, but minute di- 
vifion is not the only circumftance neceffary to its 
activity, for Ethiop’s mineral and cinnabar taken 
into the body have very little if any effeét. Oxy- 
genation feems to be the moft effential circumftance; 
for in whatever way this is effected the ge be- 
comes very active *. 
Mercury, in paffing through the bay is reduced 
to the metallic ftate, and, exuding through the pores, 
fometimes attaches itfelf to the gold of watches, 
rings, fleeve-buttons, or -ear- ans: and renders: 
them white. 


#* Does not the effed of fulphur, in diminifhing the activity 
of mercurial preparations, depend on its fuperior attraction 
for oxygen, by which it has a tendency to reduce the inereury 
to the metallic flate? 
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| Chara&er of the perfect Metals——-General Properties of Sikverom 


Vegetation of Silver.——Natural Hiftory of Silver. —Affaying of 


Silwer.—Cupellation.—Lunar Cauftic.—Fulminating Silver — 
Luna Cornea-—Diana’s Tree.—Green Gold.—Standard Silver 
Coin.— Plating with Silver; bow performed.—French Plate, 


F the different metallic fubftances only three 
have been dignified by chemitts and mineralo- 
gifts with the appellation of perfect, viz. filver, gold, 
and platina. Thefe are diftinguifhed from the other 
metals by their weak attraction for oxygen, which 


enables them to retain their purity and metallic ~ 


{plendor in fituations in which other metals be- 
come gradually covered with ruft or calx. Silver 
is the whiteft of all metals, and is poffefled of great 


ea brilliancy ; ; it is harder than gold; in weight it is 


exceeded by gold, platina, quickfilver, and lead; its 
gravity being only about ten times that of water. Its 
malleability is fo great, that a grain of it reduced to 


ordinary filver leaf meafures about fifty- -one fquare ~ 


inches, in which ftate it is not more than the hundred 
and fixty thoufandth part of an inch thick, which, 
however, is confiderably more than one third thick- 
er than gold leaf. Its tenacity is fo confiderable, 
that it may be drawn into wire about half the thick- 
nefs of a fine human hair, and a wire of one tenth of 


an inch in diameter will fupport the weight of two 
hundred 
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hundred and feventy pounds without breaking. Ie 
is very fonorous, but in hardnefs and elafticity it is 
not equal to copper. It hardens under the hammer, 
but very readily lofes that hardnefs by heating. = 

Silver, expofed to the heat of the moft powerful 
burning lenfes, is partly vitrified and partly volati- 
lized in fumes, which are found, when received on a 
plate of gold, to be filver in the metallic ftate. It is 
likewife faid to have been partly calcined by twenty 
fucceflive expofures to the heat of the porcelain 


furnace at Séves. This, however, may be doubted, 


as filver does not undergo any degree of calcination 
by expofure to heat, even with the addition of nitre. 
Silver melts in the firft degree of white heat, and 
appears in the fire like the fineft quickfilver. When 
itis haftily cooled, it exhibits a curious phenome- 
non, called vegetation; for we difcover from diffe- 
rent parts of its furface ramifications and branches 
like thofe of trees which fprout out with: a item. 
The reafon of this appearance feems to be the itre- 
gular contraction which the filver undergoes in 
pafling from the fluid to the folid ftate. The melted 
filver fuffers the firlt commencement of congelation 
at itsfurface; by ‘thefe. means a cruft is formed, 


which’by its’ fudden’ contraction compreffes. the | 


fiuid: filver within; thus-a protuberance is formed, 
which, congealing in its turn, contracts and preffes 
the intermediate fluid through ats:.cruft. into 
branches. ) 

“” The air alters filver very little, uniefs at contains 
‘falphureous vapours, ‘which it often does, from the 
putrefaction of animal fubftances or the exhalations 
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of drains, or of fulphureous mineral waters. This 
metal, therefore, becomes fomewhat tarnifhed. by 
long continued expofure to the atmofphere, and in 
time becomes covered with a thin purple or black 
coating, which, after a long feries of years, has been. 
obferved to {cale off from images of filver expofed 
in churches, and was found, on examination, to 
confit of filver united to fulphur, 

Silver is often found ‘in its native ftate, tad may 
be known by its brilliancy and dudtility. It is 
fometimes met with in irregular mafles, fometimes 
it the form of capillary threads or fibres, and fome- 
times in that of branches, formed by o¢tahedrons 
inferted one into the other. It is alfo often 
difperfed in a quartzofe gancue.* Native filver is 
fometimes found alloyed with gold, copper, iron, 
or regulus of antimony ;. but native gold much 
oftener contains filver than native filver does gold. 
Silver is not naturally found in the {tate of calx. 

The vitreous ore of filver is compofed of that 
metal and fulphur. It is-the richeft of the filver 
ores, and yields from feventy to eighty pounds of 
the metal in the hundred weight. -It is of a black- 
ith grey colour, refembling lead; Some {pecimens 
are brown, greenith, yellow, &cc. ; it may be cut with 
a knife, and is fometimes cryftallized. If it is ex- 
pofed to a heat not fufficient to melt it, the fulphur is 
diffipated, and the virgin filver is obtained in fibres, 


* A quartzoze or {parry cryftallization, often found inclofing 
the ores of metals, and therefore called the matrix or rider. 
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_ The red filver ore contains arfenic as well as ful- 
phur. It is a heavy fhining’ fubftance, fometimes 
tran{parent, fometimes opake, but commonly cry{- 
tallized. It is often of a deep red colour on'the out- 
fide, but appears paler within. It affords about 
half its weight of Silver. If it is expoled to a fire 
carefully managed, and capable of igniting it, the 
‘filver is reaticed: and forms ade fibres, fi oe 
to native filver. 

There is a filver ore containing arfenic, “othe 
andiron, mineralized by fulphur. This ore forne- 
times yields half is weight of filver; it varies in its 
appearance, being foinetirhes of a. erey and brilliant 
afpect, but often of a dull and taraithed colour, with 
efflorefcences of cobalt. ‘The soofe dung ore be- 
longs to this fpecies. “The grey ore of filver con- 
tains a large quantity of copper. The black filver 
ore, called nigrillo by the Spaniards, feéms to be a © 
middle ftate pelea native filvér and fome of its 
ores, OF thofe ores in a {tate of imperfect decompo- 
fition. ‘The corneous filver ore is a natural combi- — 
nation of filver aid thuriatic acid with a {mall 
quantity of vitriolic acid. Silver is alfo found in 
confiderable quantity in the ores of other metals, 
particularly thofe of. antimony, zinc, — ty 
copper. 

In the affaying of filver ores different ae 
dre ufed, according to their nature. “When found 
in its metallic ftate, nothing more is neceffary than 
to feparate it from the earthy or {tony matter in 
which it is: embedded. ‘With this’ view it is firft 
éxpofed to heat, to render the flony matter friable. 
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The mafs.is then mixed and ground with quick- 
filver.. Thus the filver is converted into an amal- 
gam, which, from the intimate union of the particles - 
of the metals, is {pecifically heavier than quickfilver 
itfelf, The ftony matters are now eafily wafhed off, 
without lofing any of the metal. ‘Che. quickfilver 
is afterwards. partly feparated bys fqueezing it 
through a piece of leather, and the remainder by 
diftillation. Sulphureous filver ores require to be 
firft roafted,. and then mixed with a quantity of 
flux. In order to feparate lead, copper, iron, &c. 
from filver, a particular procefs is employed, which 
is called cupellation, from the veffel in whichitis per- 
formed, called.a cupel, and which is chiefly formed 
of calcined bones, and is very porous. ‘The metal- 
lic mafs containing filver is mixed with a confider- 
able quantity of lead, and then expofed on the. 
cupel in a ftate of fufion. The lead is vitrified and 
abforbed into the cupel, carrying with it the imper- 
feét metals, and the filver remains behind on the 
cupel ina pure ftate, en 

The vitriolic acid acts on filver as on the other 
metals, with the afliftance of heat; it then. cor- 
rodes it into 2a white mafs, which is foluble in 
water, and by evaporation affords {mall cryftals. 
_ The nitrous acid diffolves filver with great rapi- 

dity. When the {trong nitrous acid is diluted with 
an equal weight of water, it is capable of diffolving 
about half its weight of filver. If the filver em- 
ployed is quite pure, the folution is limpid like 
water; but as filver commonly contains a little 
copper, its folutions have, ufually a blueifh tinge. 
| Rec * be 
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ii the filver. employed ‘contains cold, in this cafe, 
as the nitrous acid. is. not capable of diffolying the 
gold, it feparates from the filver in the. form of 
blackifh flocks, From. this difference in the a¢tion 
of nitrous acid on filver and gold, it is fuccefsiully 
ufed to feparate thefe metals from each other...2) 5, 

- The folution of filver in the nitrous acid is ex- 
tremely bitter and cauftic, and has the property of 
- changing the fkin or hair to a black colour, or, if 
very much diluted, to a brown, and formerly, when 
the caprice of fafhion abhorred light hair as much 
as it at prefent admires it, was employed for that 
purpofe. The colour is, however, very faint when 
the folution is firft applied, and the, production of 
colour feems in a great meafure to depend on the 
action of light. Dr. Lewis mentions a remarkable 
phenomenon, which this folution prefents when 
added to chalk or any pure abforbent earth. The 
chalk and folution are both at firft quite white, and 
-will continue fo. if kept in a dark place, but if ex- 
pofed to the light they foon become black; fo that if 
a quantity. of this mixture is put into a glafs phial 
-fealed up, any marks or letters may be made to 
appear on. it as if by magic. To effect this, the 
phial is covered with thick paper, in which the 
-marks or letters are nicely cut, and it is then ex- 
-pofed to the light, which, aéting only through the 
“apertures of the: paper, produces the effect. When 
_ the ftains are produced;aqua fortis, by re-diffolving 
“the filver, will make them difappear’ again, It 

therefore feems, that the production of colour is 
Rsiga. to an vata reduction of the filver, and — 


that 


\ 
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that the action of light difengages’ oxygen from 
this compound i in the faine’ manner as it does from 
the pale nitrous acid, and from vegetables. ° 

‘When this’ folution of filver is evanttared with a 
gentle heat, it may be made to-afford cryftals nearly. 
refembling thofe of nitre. Thefe, being melted 


in a crucible, are freed from water, and being 


poured into moulds of a convenient form, become 
the filver or Junar* cauftic, or argentum nitratum 
of the pharmacopazia. 

Silver is never given internally, and this is ihe | 
“only preparation of it made ufe of externally.. The 
nitrous acid may be entirely feparated tobi this 
compound by heat alone. 

Silver, however, is moft conveniently inal 
from its nitrous folution by immerfing plates of 
copper in it. ‘The copper is then diffolved, while 
the filver is depofited in” its metallic ftate! This 
metal may be feparated from gold by expofing the 
mixed metals to the action of nitrous acid, which 
diffolves the filver and leaves the gold, and the 
above method is ufed to obtain the iver wet ie 
acid. ! 
To make the famous fulminating filver, which is 
fo truly formidable in ‘its effects, a fmall quantity of 
filver is diffolved in pale nitrous acid (or aqua fortis) 
from’ which it is precipitated by lime water.’ The 


* A name taken from the whim of the alchemitts, who called 
the metals by the names of the heavenly bodies: gold, Sol’; 
filver, Luna; copper, Venus; iron,.Mars (whence martial 
vitriol, &c.); lead, Saturn; tin, ysipiters quickfilver, Mer- 
curs &C. 


m4 calx 
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calx or precipitate is to be dried by expofure to the 
air for three days. The inventor, M. Bertholet, fup- 
pofes the action of light to have alfo fome influence 
in the fuccefs of the experiment *. The dried calx 
is then agitated in a folution of the cauftic volatile 
alkali, ahen it aflumes the form of a black powder, 
which is left to dry in the open air. ‘The fulminating 
filver ‘then confifts of an union of the calx of filver 
with volatile alkali. ie sewath 
The effects of this preparation are tremendous, 
and infinitely exceed thofe of gunpowder, folmi- 
‘nating powder, or fulminating raotdl It explodes 
swith the fighteft agitation or friction. | The falling 
of a few atoms of it from a moderate height pro- 
‘duces a violent detonation, and a drop of water 
falling upon it has the fame effect. When it fs 
once “fally prepared, it muft not be touched or 
moved into any other vefiel, but muft ‘remain in 
‘that.in which it was dried; and to make'the expe- 
‘riment with tolerable fafety, not more than a grain 
‘of filver fhould be employed in the procefs. «The - 
-caufe of thefe explofions has been already inti- 
mated in the chapter on ignition, and will be further 
illuftrated in treating of fulminating gold. 
a Though | the nitrous acid diffolves filver ‘with 
greater eafe, it has not fo ftrong an attraction for 
it as the muriatic or vitriolic sind Fither of thefe, 
dropped into the nitrous folution, feize the filver, — 
and forming a compound not ‘equally foluble pro- 
- duce a precipitation. The neutral falts, eras 


& 
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‘vitriolic or, muriatic acid, have the fame effect. 
This difference of affinity between the ‘acids and 
filver is the foundation of a procefs for obtaining 
the nitrous acid in a ftate of great purity. The 
folution of filyer in nitrous acid is poured | into the 
impure nitrous acid till no more precipitate is 
formed. "Fhe miuriatic or vitriolic acids contained 
in the mixture are thus carried to the bottom by 
their union with the filver. The acid is then de- 
canted and diftilled to free it from the fmall guantity 
of falt of filyer which it may ftill contain. 

Notwithftanding the muriatic.acid has the ftrone- 
eft affinity with filver of all the acids, it is never- 
thelefs incapable of diffolving it unlefs the metal is 
in a calcined ftate, or itfelf fuperoxygenated. The 
common method of effecting this union is to add to 
the folution of filver, in the nitrous acid, any faline 
fubftance which contains the muriatic acid; it is no 
matter to what the acid is joined, whether alkali, 
earth, or metal; it immediately feizes the filver, 
and leaves the other matter to unite with the nitrous 
acid, Common falt is generally ufed, and the white 
precipitate, which is immediately formed, has the 
appearance of a coagulum. ‘The compound thus 
made is fo infoluble in water, that there cannot be 
_a nicer teft of the prefence of the muriatic: acid, or 
¢ommon falt, in waters, than the nitrous folution of 
filver; for if the moft minute quantity of either are 
prefent.a precipitation is produced. 

‘This compound has many other qualities befides 
infolubility in water. If we colleét it, and wath off 
the faling matter, it appears as a-fine powder, and, — 

‘R 4 when 
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when heated to a fufficient degree, melts into a 
fubftance of fome tranfparency. From its tranfpa- 
rency, flexibility, and foftnefs, it is called Juana cor- 
nea, OY argentum corneum, and from this feveral 
other compounds of metals with the muriatic acid 
have been called cornea... It may be cut into tran{- 
apis vefiels refembling glafs. 
Aqua regia, or the compound. of nitrous raid 
" muriatic acids, aéts {trongly on filver, but forms a 
precipitation in proportion as it feparates it from 
the mafs. This effect may be readily underftood 
from what has already been obferved. ~The: ni- 
trous acid diffolves the filver, and the muriatic feizes 
it, and forms Juna.cornea, which 1s infoluble; This 
procefs may be ufed to feparate gold from filver; 
the gold is held diffolved in the aie regiay: but the 
Glver: is precipitated. 
After filver has been reduced to ‘the aii: 
ftate by folution in nitrous acid, and precipitation by 
alkalies, it is capable of folution in vinegar, and 
~ even in lemon juice; but thefe ae are have not 
_ been applied to any ufe. 
_ Tovhave filver perfeétly pure we ‘itt ia quick 
 filver, which, if pouted into a folution of filver, is 
_ attracted by the acid, and precipitates an amaleam 
_ with:the filver at the bottom of the veffel. The 
_ quickfilver is eafily feparated’ from the filver by 
~ heat alone. A. curious phenomenon. arifes from 


this amalgam; a kind of cryftallization takes place, | 


which i 1S formed by the union of the filver with the 
running mercury. ‘The amalgam puts forth fhoots, 
which 
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which afterwards put forth others, like the branches 
ofa tree.’ The cryftallization: varies according to 
the conduét ‘of the procefs, and does not always 
-anfwer, particularly if the mixture is fhaken:* It is 
called arbor Diane; or Diana’s tree *, The method 
of making’ it» moft beautiful is very tedious, and 
would require the fpace of a month. 
3 This ‘phenomenon feems to admit of explanation 
precifely on the fame principle as the branching 
of pure filver when paffing from its fluid to its 
folid ftate. The amaleam of filver and mercury 
is fpecifically heavier than either of the metals in a 
feparate ftate, and their union muft confequently be 
attended with contraction. The filver, therefore, 
being precipitated on the furface of the mercury, 
in proportion as the latter metal 1s diflolved by its 
fuperior attraction for the acid, the mercury be- 
comes furrounded with a cruft, the contraction of 
which forces out its fluid contents ; the excrefcences 
Me) produced being in their turn covered: with a 
cruft'of amalgam, are again compreffled, and pro- 
duce {maller protnbendcess and: if the experiment 
is properly conducted, ‘the brittle amalgam of the | 
metals affumes a cryftallized appearance; and. the 
form of a thick bufh. In ‘this experiment it is:ne- 
ceflary that there fhould be not only as. much mer- 
cury as is fufficient to: precipitate the filvér, but 
befides this a quantity remaining in its fluid ftate, 


* Diana’s tree, from the whim of the alchemitts already no- 
ticed, who appropriated filver to the Moon or Diana, as ftated 
ina precedin g note. 


to 
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to unite with. the pescipioaad iver into an amal- 
gam. 

_ Sulphur ee a. “remarkably ftrong affinity with 
ree and forms with it a compound which has the 
appearance and foftnefs of lead. This metal feems 
alfo capable of attracting fulphur from antimony. 
But though filver, has as ftrong an attraction for 
fulphur, gold has none, and this ‘furnithes : a method 
- of feparating thefe metals by fufion. 

With gold, filver forms a pale alloy, the green 
sold of ries jer vellers and gold beaters. This mix- 
ture, however, is not made without fome difficulty, 
on account of the different {pecitic. eravities of the 
two metals. It does not unite well with platina. 
Jt forms an.alloy with iron, but the properties of it 
have not been well.examined into. With lead ir 
forms an alloy, which is much more fufible than 
pure filver, and feems in all refpects to be of an 
intermediate nature between thefe metals. Copper 
increafes the hardnefs of filver, and renders it more 
fonorous, without impairing its ductility or colour, 
when the copper does not exceed the twelfth part 
of the weight of filver employed... The ftandard of © 
filver coin is eleven ounces two pennyweights, troy, 
of filver, and eighteen pennyweights of copper. 

The, purity a filver cannot be accurately afcer- 
tained. awithout. fubmitting it to. cupellation with 

lead, :and ats purity is calculated according. to the 

weight it lofes in that procefs. Silver is divided 
-into. twelve imaginary. parts, called penny weights. 
-Vfitonly lofes one twelfth part of its weight -by 
F eupellation, it contains eleven twelfths of pure fil. 
Vey 


Chap. 32.] Plating. aay 
ver, and ‘is faid to be eleven pennyweights fine; if 
it lofes two twelfths, it is ten pennyweights. fine, 
and fo of other proportions. ‘For greater accuracy, 
each pennyweight is fuppofed to be divided into 
_, twenty-four grains. 

The covering of the furface of copper with filver, 
cr plating, is performed in the following manner : 
“Upon fmall ingots of copper, plates of filver are 

’ bound with iron wire, generally allowing one ounce 
of filver to twelve ounces of copper. The furface 
of the plate of filver is not quite fo large as that of 
the copper ingot. Upon the edges of the copper, 
which are not covered by the filver, a little borax 
is put, and by expofing the whole to a ftron& heat, 
the borax melts, and in melting contributes to melr 
that part of the filver to which it is contiguous, and 
to attach it in that melted ftate to the copper. The 
ingot, with its filver plate, is then rolled under fteel 
rollers, moved by a water wheel, till it is of a‘cer- 
tain thicknefs; it is afterwards rolled by hand rol- 
lers to a greater or lefs extent, according to the ufe 

_ for which it is intended; the thinneft is applied to. 
the lining of drinking horns. An ounce of filver 
is often rolled out into a furface of about three 

‘ _fquare feet, and its thicknefs 1s about the three 

thoufandth part of an inch; and hence we need 

not wonder at the filver being foon worn off from 

the fharp aneles of plated copper, when it is rolled 
- to fo great an extent. | 

‘What is commonly called French plate is not 

to be confounded with the plated copper. In 

| | | ~ making 
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indkine French plate, copper, or, nore commonly, 
brafs, is heated to a certain degree, and filver leaf 
is applied upon the heated metal, to which it ad- 
heres, by being ee with a a) bur- 
nilher* y+ 
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OC a py XXX, 


GOLD. 


General Properties of Gold —Gald calcined by Electricity. Extreme 
Duéility of this Metal—Natural Hiflory of Gold.—Proceffes 
for feparating Géld srom other Subjtances.—Quartation came 
The Touchficne—Aqua Regia Reajous why the different Meids 
ad on metallic Bodies—Fulminating Gold.—Purple Powder 
of Caffius.—Golden Calf, how deftrayed by Mofes. Unie of 
Gold with other Metals.—Standard Gold Coin of different 


Countries. 


OLD is the heavieft of all the metals except 

platina, being between nineteen and twenty 
times the weight of water, When perfectly pure it 
is almoft as fott as lead, and is neither elaftic nor 
fonorous. For its fufion it requires rather more 
heat than filver, and when in fufton has a blueith 
ereen colour, and ‘its furface is always perfectly 
bright. The moft intenfe heat cannot calcine ir, 
“and only contributes to render it more pure if it 
had any fouinets. The powerful burning mirrors 
are faid to have volatilized it, and it he been 
driven up in fumes, in the metallic ftate, by flame 
urged upon it by a ftream of vital air. The elec- 
‘tric fluid, however, when made to pafs in confider- 
able quantities through gold leaf, inclofed between 
two plates of glafs, converts it into a calx, which 
tinges the olafs of a purple colour, 


¥ 


The 


etn Natural Hiftory of Gold. [Book VI. 
Thetenacity of gold is fo great, that a wire one, 
tenth of an inch in diameter is capable of fupporting ~ 
five hundred pounds. | Its malleability, and ductility — 
exceed thofe of filver, and are fo rem arkable, that 
their limits could never be afcertained with any con- | 
fiderable exa¢tnefs. On gold lace the thicknefs.of the ° 
gold has been. cooper to be lefs than the one hun- 
dred and thirty-four thoufandth part of an inch, and 
the degree of extenfibility has been carried ftill:far- 
ther. In ordinary gold-leaf, which is made by ham- 
mering plates of gold between fkins, or animal mem- 
branes, a grain is made to cover fifty-fix {quare in- 
ches.and aap In this ftate its furface is fo great - 
_ that it may be madeto float in the air with the flichteft 
agitation, and its thicknefs is not more than the two. 
hundred and eighty-two thoufandth part of an inch. 
Gold 1s produced by nature very plentifully. 
There is much of itein Brazil, in the Spanifh Eaft 
and Weft Indies, on the coaft of Africa, and in 
Upper Hungary, where the mines have remained 
unexhaufted for ten centuries. Peru and Mexico 
abound with gold in a variety of forms. It is met 
with in the fands of ‘rivers and mountains. Some | 
rivers. in France, as well as in this country, contain 
gold in their fand. It is alfo found in the fiffures of 
oe imbedded in hard ftones. Pieces of gold of 
. feyeral .cunces,. and even pounds - weight, are 
~ fometimes found, but in general it is diffufed in fo 
fmall portions, and through fo large a quantity « of 
fand, that the, trouble df eattathing itis {carcely 
repaid by the gains. In all parts of the world, par- 
ccna ly in Europe; gold is moft frequently found 


: in 
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in ftrata of- fand, in which it feems sto thave:-been 
depofited by water. Gold mines were once wrought 
in Scotland, and it appears uporm record that forty | 
eight thoufand pounds fterling of this gold was 
coined in the Scotch mint. It isnow a general. 
opinion among» mineralogitts, that). there~ are 
fearcely any fands entirely free from gold, and 
which, by accurate examination, cannot be) made 
to afford more or lefs of that fubftance. 
Confidering that gold has no attraétion for ful.. 
phur, and very little for arfenic, which are the,ufual 
mineralizers of metallic bodies, it is not furprizing 
that it fhould be ufually found in a feparate and 
nearly pure ftate. The metallic bodies, with which 


itis alloyed in a ftate of nature, feldom conftitute 


any confiderable part of its| weight; they are gene- 

rally either filver, copper, or iron. Gold, however, 

is fometimes mixed with martial pyrites, and is 

fometimes contained in an ore, which is a mixture of 
lead, filver, and iron, mineralized by fulphur. In 

thefe cafes the prefence of gold is not known bythe 
appearance of the mineral, and can only be difco- 

vered by roafting, and fubfequent fufion with fuch 
matters as are capable of vitrifying the earthy and 

martial fubftances: ‘The addition of lead is alfo 

ufeful, which unites with the gold, and carries it to 
the bottom of the mafs. The gold.is eafily ob- 

tained free from the lead by the procef of cupella- 

tion. 

In order to heal soft when in its native fie, 
from the earthy and ftony matters in which it is con- 
tained, the following procefs is employed: When ic 

x | is 
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1s contaitted in fand, the lighter particles of the 
latter are wafhed away by water, and the remain= 
ing matter, which may prove fo heavy as not to be 
feparated from the gold without danger of lofing © 
fome of the precious metal, are amalgamized, by 
being ground with mercury, in the fame manner as 
las been mentioned in the extraction of filver. If 
the gold is mixed with ftones of confiderable bulk, 
it is neceflary that they fhould be reduced to 
powder in order to render them fufficiently light 
to be wafhed away. The mercury is alfo feparated. — 
from gold in the fame way as from filver; as much 

as poffible is feparated from it by preffure in bags of 
leather, and the remainder by-hear. 

All the imperfect metals may be abftracted from 
gold by cupellation; but in order to feparate 
filver from ity other procefles muft be employed. 
The beft of thefe is called quartation, becaufe the 
gold muft not exceed the fourth part of the weight 
of the mafs fubmitted to trial. The gold, therefore, 
mutt be firft mixed with three times its weight of 
filver, the effe€t of which is, that the particles of 
gold are removed to fuch a diftance that they can- 
not protect the filver from being aéted on. The 
mafs of gold and filver being then beaten out into 
thin plates to increafe the furface, are expofed to 
the action of aqua fortis, which diffolves the filver, 
and leaves the gold in a fpongy mafs; this is wafhed 
two or three times with aqua ce and then ex- 
Pe to heat in a rouftie * , to recover its metallic: : 

* AN {mall ear sthen oven made and fold by the crucible 
manufacturers. 

baohties. 


( 


Chap. 33.1 Ebb Losithhene 267 
brightnefs. When filver is thus fepavated by aqua 


fortis, a minute portion of the filver is apt to ad- -~ 


here to the gold, and, therefore, when i it is an object. 
to have the gold perfeatly pure, it is proper to fub- 
mit it to the, action of aqua reoia, which diffolves 
the gold, and converts the filver into luna cornea, 
which is precipitated to the bottom of the yeffel. 
When it is intended to feparate filver by aqua regia, 
the proportions of the metals ‘muft be reverfed, 
and as the gold is to be diffolved, it muft be thie 
times the weight of the filver. 

“In this way gold may be obtained quite pure ; 
bit the goldfmiths find a difficulty in obtaining it 
perfectly ductile. To have it foft and foubh: it 
muft be melted with a ftrong heat, and ae 
cooled very flowly. 

In applying faline fubftances to oll it is found 
that none of the acids, feparately employed, either in 
a fluid form or in that of hot vapours, produce the 
leaft effect on it in its metallic ftate. ‘Upon this de- 
pends the trial of gold by the lapis lydius, or. touch- 
ftone, which is of a dark colour and pretty fine grain, 
but when polifhed has fufficient roughness, fo that 
when the metal is rubbed over it a mark is left, which 
mark will be affe&ted by. any of the common acids, 
aqua fortis for inftance, in proportion to the 1 impuri- 
ties the metal contains, but not at all if the gold i is 
perfectly pure. 

Goldfmiths ufe likewife two fets of needles, one ne 
filver and the other for gold, when they want to exa- 
mine the finenefs of different parcels. The fets of 
needles for goldare alloyed with different proportions é 

wiVou. II. S | of 
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of copper ; one is made with twenty-three parts of 
gold to one of copper, another with twenty-two 
parts of gold to one of copper, and fo in propor» 
tion. When they have a piece of gold to be tried, 
they firft examine its colour to determine what 
-quantity of alloy it contains. ‘To know this the 
better, they mark the touchftone with it, and then 
make another mark with the needle, which ‘they 
think to be of. nearly fimilar purity. Thus they’ 
compare them; and after this, to be certain that the 
metal is gold, they apply to the mark on the ftone’ 
a.drop of aqua fortis. If it is copper tinged with 
zinc, or any other imitation of gold, the aqua fortis! 
immediately diffolves it. If it contains gold and) 
fome other metal, it diffolves ram other ae cay 
leaves the gold. 

The only faline fluid which diffolves gold i in its 
metallic ftate is aqua regia, or a mixture of the) 
nitrous and muriatic acids. It is prepared various» 
ways: ft, By mixing the two acids in their pire’ 
ftate. odly, By adding common falt, or fal ame; 
moniac, to aqua fortis, and then diftilling the mix, 
ture. A part of the nitrous acid decompofes the 
muriatic falt, and detaches the muriatic acid, which 
rifes with the remainder of the nitrous acid, and. 
thus an aqua regia is produced. 3dly, By mixing 
a folution of alum with nitre and: common falt, in 
which cafe the vitriolic acid of the alum difengages 
the nitrous and muriatic acids i its fuperior attrac~ 
tion for their bafes. | 

It is ufual to make aqua rei by diffolving fi fal 
ammoniac in about four times its weight of ftrong. 


nitrous 
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nitrous acid ; but the refults of experiments or ope- 
rations vary confiderably according to the proper 
tion of the ingredients made ufe of. 

The theory of the operation of this compound 
acid does not feem difficult. In the courfe of this 
work it has been more than once remarked, that 
the eafy folution of metallic matters in acids 
does not depend merely on the degree of attraction 
which exifts between the metal and the acid, but » 
alfo on. the eafe with which the acid parts with 
- oxygen to calcine the metal. From this caufe it 
happens, that the nitrous acid, which has much lefs 
affinity with metallic matters. than the vitriolic or 
muriatic, diffolves them more readily than either 
of thefe. Aqua regia, however, confifts of the 
acid which has the ftrongeft attraction for metallic 
bodies, and alfo of that which moft eafily parts 
with oxygen, and the union of thefe powers pro- 
duces the effect of folution, That this 1s the true 
explanation of the folution of gold in aqua regia 
appears from feveral circumftances; for gold, pre- 
vioufly reduced to the ftate of calx, that is, furnifh- 
ed already with a quantity of oxygen, is eafily dif- 
folved by muriatic acid, and gold, in its metallic 
 ftate, is diflolved by the oxygenated or aerated mu- 

riaticMicid, and forms with it the fame falt which is 
at obtained by the mixed acid, or aqua regia. 
The, muriatic acid, therefore, is the true folvent of 
gold, and the addition of nitrous acid has no other . 
effe& than that of furnithing oxygen, fince the 
fame effect follows when the neceflary quantity of 
oxygen is previoufly added either to the gold or the 
oA S 2 muriatic 
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i 
muriatic acid. Gold, precipitated from aqua regia » 


by alkalies, and thus reduced to the calciform ftate, 
is foluble even in the vitriolic and nitrous acids. 
~ The addition of water tothe vitriolic acid enablesit 
to diffolve iron exactly on the fame principle that the 
addition of nitrous acid to the muriatic enables the 
latter to-diffolve gold. ’ The concentrated vitriolic 
acid has no action on iron without the affiftance of — 
heat s but by a proper addition of water the procefs 
soes On, in the ordinary temperature of the atmo- 
fohere, with confiderable rapidity. The water fur- 
ihe oxygen to the iron, and its other component 
part, hydrogen, 1 is fet at liberty ; and that the nitrous 
acid, inthe aqua regia, anfwers the purpofe of fur- 
nifhing oxygen | to the cold, i is proved by the dif- 
enpagement of nitrous gas. 

Thé lution ‘of pote in aqua recia, has fin 
tade, is always Veli vii confiderably cauftic, cor- 
rodes animal matters, and-tinges them of a deep’ 
purple colour. When ipplied to. the furface of 
marble, it tinges it of a violet colour. This colour 


is produced -by-a precipitation of the gold, in confe- — 


net ‘of the fuperior ai attraction of the calcareous 
earth for the acid. | oe 

-'Phe folution of gold may be made, by cautious 
évaporation, to afford cryftals of a beautiful topaz 


—ot yellow colour. Gold may be in fome meafure | 


volatilized by repeatedly diftilling it with aqua 
recia ; fome of the eold rifes with the acid into the 
neck‘of the retort ia the one of he lleetdet brown 
gibi bre ih Cibege AL apie 
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Gold is precipitated from its folution by a great 
variety of fubftances, but its appearances are very 
various, according to the nature of the matter em- 
ployed. Lime and magnefia precipitate gold in 
the form of a yellowifh powder, and the feed alka- 
lies have the fame effect. Volatile alkali preduces 
a more quick and copious precipitation, and forms 
the remarkable compound, known by the name of 
. aurum fulminans, the nature of which has been al- 
ready intimated in a note under the head of ignition. - 
I fhall in this place, however, adda few obfervations, 
which may tend ftill further to illuftrate its nature. | 
In the firft place, it appears that the fulminating 
gold is a compound of about three parts of that 
metal with one of volatile alkali. Secondly, 
Fulminating gold, expofed to fuch a heat as is fuffi- 
- cient to feparate the volatile alkali, without fetting 
fire to the compound, lofes its fulminating property. 
The fame effect is produced by fubmitting the au- 
rum fulminans to the action of concentrated vitrio- 
lic acid, melted fulphur, @ther, or- any fub- 
ftance capable of abftracting the volatile alkali by 
fuperior affinity. ‘Thirdly, When a few grains of 
aurum fulminans are detonated in copper tubes, the 
extremity of which ts plunged beneath the mercury 
of the pneumato-chemical apparatus, azote is dif- 
engaged, a few drops of water are produced, and 
the gold is reftored to its metallic appearance. M. 
Berthollet, the inventor of this experiment, con- 
cludes, that the volatile alkali is decompofed, and 
that while one of its component parts, hydrogen, 


unites with the oxygen of the calx of gold, and 
Rt a - forms 
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forms water, its other component part, azote, ef. 
capes in the form of gas. The readinefs with 


_which fulminating gold explodes feems to depend 


on the tendency which the hydrogen of the 
alkali has to unite with the oxygen of the metallic 
calx, which tendency the weak attraction of the gold 
for the oxygen on the one hand, and the azote for 
hydrogen on the other, are fcarcely fufficient to 
counteract. _ Whenever the balance of power 
among thefe ingredients 1s difturbed, which _hap- 
pens Both a pp Needs increafe of heat, or violent 
friction, the hydrogen and oxygen unite and form 
water, the gold is reduced, and the azote efcapes 
in the form ve eas, occafioning a violent explo- 


. fion. 


When gold is newly precipitated, Mareraff i in- 
forms us, chat it may be re-diffolved by iter volatile 


alkali, or, much more readily, by the Pruffian alkali. 


Alkaline falts precipitate gold in the form of a calx, 
but inflammable fubftances precipitate it in the me- 
tallic form, The moft fingular effect of infammable 


fubftances upon the folution of cold i is that of the 


vitriolic ether, though it does not entirely feparate 
the gold from the acid: If into a phial of diftilled 
water a fingle drop of the folution of gold is intro- 
duced, the water will become ofa fine yellow colour; 
add to this a quantity of vitriolic ether, which will 


float uppermoft, and remain colourlefs, no fenfible 


change being produced; by fhaking the mixture, 
however, for fome time, and then allowing it to 


reft, the yellow colour in the loweft part of the phial 


will leave the water, and rife up into the xther, 
By 
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By repeated agitation, in a little time the ether will 
draw up into it the whole of the gold, fo as to leave 
the liquor at bottom perfeCtly colourlefs. It would 
be erroneous to conclude from this experiment, that 
zether is a folvent of gold; it does not diffolve it, 
but attracts the folution merely by its affinity for 
- acids.. Though the ether a¢ts primarily on the 
acid, it at length feparates the oxygen from the 
calcined gold, and precipitates it in its metallic 
ftate. All the fubtile aromatic oils have a fimilar 
effect, but do not act fo readily as ether. | 

As thefe inflammable fluids have no action on 
the folutions of other metals, this procefs may be 
ufed as a means of refining gold; for the acid con- : 
taining gold is imbibed by the inflammable fluid, 
while that part of it which is combined with any 
other metal remains behind. 

Almoft all metallic fubftances precipitate gold 
from its folution in aqua regia. Mercury and cop- 
per feparate it in its fhining metallic form; lead, iron, 
and filver, precipitate it of a deep and dull purple 
colour. A plate of tin, plunged in a folution of gold, 
feparates the perfect metal in the form of a deep 
- violet powder, called purple powder of Caffius, 
which is ufed in painting, in enamel, and in porce- 
lain. ‘This powder confifts of the calces of gold 

and tin'in combination, and is capable of commu- 

- nicating a fine purple colour to glafs. The folution 
‘of green vitriol precipitates no other metal but gold, 
and the gold proves of uncommon purity, and of a 

very deep colour, Gold in its metallic {tate 1s in- 
| ¢apable of uniting with fulphur alone, but if a Deer 
SC tua 4, 
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-of gold is dropped into a folution of-hepar fulphuris, 
efpecially ifthe latter is prepared with equal parts of 
fulphur and alkali, the gold diffolves with fome 
ebullition, and forms a mafs, which diffolves in water 
like the combination of alkali and crude antimony. 

Stahl fuppofes that this procefs was ufed by 
Mofes to render the golden calf, adored by the 
Ifraelites, foluble in water. 

But though gold will not unite with {alphan ‘it 
may be purified by means of it, the fulphur uniting 
with the metals with which it is alloyed. With this 
view it is ufual to heat the gold with crude antimo- 
-ny, in which ftate the fulphur is more fixed than 
when applied in a feparate ftate. In this procefs, 
‘however, the gold combines with a portion of 
“antimony, W sich’ mutt be afterwards driven off by 
heat. 

There are fcarcely any metals with which gold 


will not unite. When boiled a fhort time with — 


mercury, it forms an amalgam which is gritty and 
rigid at the firft, but hich becomes by grinding 
more foft and tender; this is often made ufe of for 
gilding the furface of filver and copper, as was more. 
puebicitacty ose when treating of the latter 
metal, / | 
Gold readily unites with zinc, “8 produces a mix-_ 
ed metal, whiter than might be expected from the 
quantity of zinc which is employed; this alloy, made 
swith equal parts of the two metals, is remarkably 
fplendid, is of a fine grain, and is not liable to tarnifh : — 
on account of thefe properties it has been recom- 
mended in conftructing the mirrors of telefcopes. . 
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All the metals, except filver and copper, take 
away the ductility of gold, but none more remarkably 
than tin, a grain of which added to a thoufand of 
gold is faid to deprive it entirely of ductility. Cop- 
per is commonly ufed to alloy gold, as filver renders 
it very pale. Copper rather heightens the colour 
of gold, but inclines it to red. 

Goldfmiths denote the finenefs of gold by the 
word carrat. It is fuppofed to be divided into 
twenty-four parts, called carrats ; and gold, which is 
quite free from alloy, is faid to be twenty-four car- 
rats fine; that which contains one twenty-fourth 
of alloy is called gold of twenty-three carrats ; 
that which contains two twenty-fourths, of twenty- 
two carrats, and fo on. In England, the ftandard 
of gold coin is twenty-two carrats fine gold and 
two carrats of alloy, which latter is .half filver and 
half copper. The French, Spanifh, and Flemith 
gold are nearly of the fame fineneis, 
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Cuar. XXXIV. 
PLATINA. 


Natur al Fi iftory of this curious Metal.mIts Properties.—The moft 
ponderous Body.in Nature. —Its Harduefs and Infufibility. i 
luble only in Aqua Regia and oxygenated muriatic Acid.— 
its Union with other Metals —Crucibles formed of it.—Might 
be applied to various Uses which no other Metal can anfwer. 


N the beginning of the year 1749, the firft fpe- 

-ciinen of this metal was brought into England 
. from Jamaica. - It was faid to have been originally 
brought from the Spanifh Weft Indies, and it is ftill 
almoft exclufively found in the gold mines of Spa- 
nifh America. It is brought over in the form of - 
{mall fmooth grains, irregularly fioured, with round 
edges, and is often mixed with ferrugineous fand 
and grains of quartz or cryftal. The grains of 
platina are whiter than iron, but lefs fo han filver, 
and their flat-form is probably owing to the pref- 
fure they undergo in the mills in which the gold is 
amalgamated. 

In confirmation of this opinion, fmall particles of 
gold and mercury are ufually found mixed with the 
grains of platina. In the ftate in which they are 
brought over, they fall fhort of the weight of gold, 
but by purification, which is performed by wafhing 
with the muriatic acid, and by expofing them fora 
long time to the heat of the moft violent furnaces, 
which, however, are faid to be infufficient to melt 
3 5 _ thems 
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them*, they exceed it. The fpecific gravity of 
gold is about nineteen times that of water, whereas 
. platina, which ftill contains fo much iron as to ren- 
der it magnetical, is upwards of twenty-one times 
the weight of that fluid. It is extremely difficult to — 
free platina from the laft portions of iron, but fome 
\Winute particles, which have been fufed by the focus 
of a burning glafs, and fo far purified as not to be 
attracted by the magnet, appear to exceed twenty- 
two times the weight of water. 

- Platina is, perhaps, the moft perfect of all the 
metals. As it fo confiderably exceeds even gold in 
weight, it is therefore to be confidered as the moft 
ponderous body in nature. 

It has feveral properties in common with the 
moft ufeful of metals, iron. In hardnefs it ap- 
proaches to that metal in the ftate of fteel;. and in 
infufibility it exceeds it even in the ftate of foft iron; 
it alfo confiderably refembles iron in appearance, 
and it is the only metal, befides iron, which has the 
property of welding. 

Platina refembles gold in being foluble only in 
aqua regia, and it even requires a larger quantity 
of that compound acid for its folution than gold. 
The folution is of a deep yellow or reddifh alpen 
The proportions of acids beft adapted to the folu- 
tion of platina are, equal parts of the nitrous and 
muriatic acids; but the folation does not then take 
place with rapidity. This cémpound is very cor- 


* This is the opinion of the generality of mineralogitts ; 
but my friend and chemical preceptor, Dr. Higgins, affured 
me, he had melted platina in his furnace. 

rofives 
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rofive, and tingés animal firbftances ofa blackifh 


brown colour. 

“The: teaentile alkali. added-to this’ folution eile 
occafions the precipitation of a part of the metal i 
the form ofia fparkling powder, which. is foluble in 
a large quantity of water. Ai very remarkable cir- 

cumftance is, ‘that the foffil alkali does not prodyf?” 
any precipitation, unlefs added in very confiderable 
quantity. Common. fal ammoniac, applied to the 
folution of platina, produces a precipitation like the 
fixed vegetable and volatile alkalies. It feparates 
a part of the metal in a fparkling red powder, and 


a part remains diflolved, which it cannot feparate ; 


but if vegetable alkali is added after the fal ammo, 
niac, it precipitates the reft of the platina; and on 


the centrary, fal ammoniac, added to the folution 
containing the remainder, which the fixed alkali 


; 


could not feparate, precipitates it, fo that by adding © 


both the vegetable alkali and fal ammoniac, the 
whole of the platina is feparated. Platina, like 
gold, is alfo foluble by the oxyg Eon muriatic 
aie 3 

The fulstile inflammable fabtanees as Fist of 
-wine and-aromatic oils, do not produce any fepara- 
tion from the folution of platina in aqua regia, as 
they do from that of gold. Tin precipitates it, but 
the precipitation is not purple like that of gold. 
Molt of the metals precipitate platina, but it does 
not in general fall down in the metallic ftate. The 
precipitation of platina, from its folution by fal am# 
moniac, affords a method of feparatine this meta] 


from the gold which is mixed with it, as the gold | 


is 
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is not feparated by the addition of that falt; if} on. 
the contrary, we with to precipitate the gold, and 
leave the platina in folution, this sores be seers by 
fal martis. 

~The precipitates of platina may be reduced to a 
metallic button, by heating them with the common 
fluxes; but thefe cannot be rendered malleable 
unlefs they ate completely fufed, which can fcarcely 
.be effected, unlefs with the heat of the moft pow-= 
erful burning glafles. 

A mixture: of copper with satire forms a me- 
tallic body of intermediate colour and great den- 
fity, fo that it’ receives a very fine polifh. A. mix- 
ture of three or four parts of copper to one of pla- 
tina poffeffedall the above ‘properties in great per- 
fection, and was not tarnifhed in ‘the air in the {pace . 
of ten years. «With iron it alfo: produces a comi- 
pound of great denfity; whiclis-hard, ftrong, and 
tough, and admits’ of a good) polifh.,, Moft metals 
increafe the fufibility of plating: fo much, that it ssid 
~ be melted in: ordinary furnaces. | 

Gold is ‘greatly injured in colour by a mixture 
of platina, and becomes of the colour of bell metal 
by the addition of no more than one twenty-fourth 
part, though half that quantity produces little 
change. 

; Bliiia with bifmuth and tin forms alloys, which 
are brittle, but eafily fufed. Platina and lead unite 
-wery well by fufion, but theductility of the lead is 
. deftroyed, and the Ce, tarnifhes on 
expofure to air. Platina partly deftroys the ducti- 


lity 


ve . * 
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lity of filver, auBtients its hardnefs, and i impairs its 
colour. 

Platina completely “elite the action of mercury, 
with which it fhews no difpofition-to unite. On 
this account it does not mix itfelf with the gold, 
which is extracted from the fubftances with which 
it is mixed by amalgamation. 

From the extreme infufibility of platina, it is 
excellently fitted to contain other matters, which it | 
is intended to fubmit to a violent heat. M. Achard 
fucceeded in making crucibles of platina, by fufing 
equal parts of platina, white arfenic, and vegetable 
alkali. This matter, when cooled, was reduced to 
a powder, and rammed into a mould, A ftrong 
heat, quickly raifed, and continued for fome time, 
fufed the mafs, and after diffipating the arfenic and 
alkali, left the platina in the defired form. 

. Platina, when thoroughly purified, by coétion in 

the muriatic acid and precipitation from aqua regia, ~ 

may be fufed into a mafs nearly as malleable as foft 
iron. This property, united to thofe of refifting 
acids, its great infufibility, and welding, feem toren- 
der diana applicable to purpofes which no othies: 
metal is capable of anfwering. 


Cuap. 
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Cuap. XXXV. 


OF. INFLAMMABLE SUBSTANCES 
IN GENERAL. 


Iovition and Combuftion defined.— Acids formed by the -Combuftion 
of inflammable Subjtances.—Flame, how produced.—T he Objet 
of the prefent Inquiry limited —What Subjtances are commonly 


termed inflammable, — 


HE difference between ignition and combuf- 
tion confifts in this: —All bodies which can 
fupport a certain degree of heat, without the deftruc- 
tion of their texture, emit light, and thisis called igni- 
tion; ‘but combuftion or inflammation is a property 
whichbelongs to fuch bodies only as are capable,when 
placed in proper circumftances, of augmenting their 
own'temperature. Simple ignition produces no per- 
manent change in bodies, but combuttion entire- 
ly alters the properties’ of fuch as have undergone 
that procefs. From being mild and nearly infoluble 
in water, they become acrid, pungent, and ex- 
tremely foluble, and are converted into acids, which 
differ according to the fubftance, by the inflamma- 
tion of which they were formed. The terms com- 
buftible fubftance and: acidifiable bafis are, there- 
fore, in the French nomenclature, fynonymous. | 
_ In the elementary part of this Wark it has already 
been remarked, that inflammation is the difengage- 
ment of the matter of heat or caloric contained in 
: vital 
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vital air or oxygénous gas, in confequence of the 
bafis of this gas becoming combined with other 
bodies: All bodies, therefore, which are capable 
of decompofing vital air, change a quantity. of 
Jatent heat into fenfible heat, and are faid tobe in- 
flammable from the light and heat which feem to 
proceed from them, but which, in fact, are derived 
from the oxygenous gas, which is one of the com- 
ponent parts of the atmofphere. » 1: 
The neceffity of the prefence of air to combuftion 
is flrongly maintained by M. Lavoifier, and an expe- 
riment related by him (to the latter part of which I 
feel fome ‘reluctance to give an unqualified affent) 
feems, indged, to prove it to: be.effential in all cafes. 
He fucceflively, placed a quantity of phofphorus;-of 
fulphur, and of gunpowder, under the receivériofam 
air-pump, making as perfect.a-vacuum as the mae’ 
chine would admit. He then threw. the focusiobia 
Jens of eight inches diameteron the different fub-: 
frances, which were not. at all agnmited, only bubbled. 
up, and at length fublimed...| The gunpowder. was: 
decompofed, the fulphur of it.only sip anid i Ltt * 
neither took fire nor explodédecic. 4 — sgnq acy 9 
In ordinary language, .no,-bedies are: ‘bid toy oi 
inflammable. but fuch as-burn eafily, or whieh; in» 
other words, are capable of decompofing vital air 
in the diluted. flate in which-it exifts in the atmo= 
iphere. In amore ftriG fenfe, however; 'thé-pro=. 
perty of infammability belongs to other bédies, . 
though they poflefs it in a lefs ‘eminent degrees as _ 
to zinc, which, when made’ extremely hot; -burns. 
with a dazzling white light,iand to “iron, which, 
when 
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when heated to-a proper degree, burns in pure oxy- 
genous gas. “Ihe oxygenation which all metals; 
except the perfect, undergo from the conjoined ope- 
ration of heat and air, are alfo to be confidered as 
cafes of flow combuftion. In fhort; all fubftances 
may be faid to be inflammable which are capable; 
in any circumftances, of decompofing vital air, or 
which have a ftronger attraction for the bafe of that 
air than that bafe has for caloric or héat. 

In all inftances of inflammation a certain degree 
of heat is neceflary to begin the procefs. Dhierens 
inflammable fubftances require different degrees of | 
heat for this purpofe. Phofphorus is fully inflamed 
at the heat of 86 decrees of Fahrenheit, but | 
undergoes a more gradual combuftion at a much 
lower temperature. Sulphur requires much more 
heat than phofphorus, and charcoal {till more than 
fulphur. There are fome fubftances in nature 
which are fo combuftible, or have fo ftrong an at- 
traction for oxygen, as never to have been found 
uncombined with that principle ; of this kind are the 
unknown bafes of the boracic, fluoric, and muriatic 
acids. 

Though an acid i is always formed by the com- 
buftion of every inflammable fubftance, this fact 
was never attended to, or at leaft never properly 
apprehended, till within thefe few years. In ordi- 
nary cafes, indeed, this circumftance was likely to 
pafs unobferved ; for the acid produced by the in- 
flammation of charcoal, which is the effential in- 
gredient in all kinds of fuel, is the carbonic acid 

Vion ties: Wi ) oas, 
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gas, or fixed air, which efcapes without leaving any 
traces. In the combuition of fulphur alfo, the 
acid flies off in fumes, unlefs collected by a particu- 
Jar procefs, which was defcribed in treating of the 
fulpburic or vitriolic acid. The phofphoric acid, 
however, is a concrete body, and therefore cannot 
eafily be overlooked. When inflammable bodies. 
are united with oxygen they become acids, and 
having no longer fufficient attraction for oxygen to 
dbeechpote vital air, they lofe their inflammability. 
According to the old chemical doctrine, the heat and 
fieht 4 forded by inflammable fubitances were fup- 
pofed to derive their origin from the difengagement 
of phlogifton ; but, accosding to the doétrine of M. 
Lavoifier, the vital air of the atmofphere is the 
repofitory of light and heat, from which all artifi- 
cial fupplies are derived, by means, of inflammable 
iubftances. 2 
There is one ftrikine aigurenae among inflam- 
mable fubftances, whieh is, that fome bare witly 
and fome without fame. Of the former kind are 
ails, fpirits of wine, and moft others ; to the latter 
kind belong the different fpecies of charcoal, and 
fuch of the metals as are inflammable. The caufe — 
of this difference-1s, that fome inflammable bodies 
afford an inflammable vapour, the burning of which. 
produces flame ; others aré entirely fixed, and pro- 
duce no fuch vapour. ‘The vapour, however, ‘as it 
rifes isnot wholly confumed; the reafon of which is, 
that the air does not find accefs to the center of the 
column of vapour.’ Flame is a hollow cone fur- 
: rounding 
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_ rounding a folid cone of vapour. In large flames, 
the fatiace on which the air acts is lefs in propor- 
tion to the quantity of vapour than in finall fames ; 
hence the quantity of fmoke and foot produced by 
{mall fames is proportionably lefs than that produced 
> by large; for f{moke and foot are only that part of the 
vapour which is unconfumed. Upon this principle 
it happens that more light is afforded by candles 
with a fmall wick, in proportion to the quantity 
of inflammable matter confumed, than by thofe 
with a large wick. ‘The fame end is anfwered by 
extending the wick in the form of a ring, and leav- 
ing room for a current of air in the middle, as is 
done in the patent lamps *. 

In treating of inflammable fubftances it will 
be neceffary to confine the inquiry to thofe which 
poffefs this property in a more remarkable degree, 
I fhall, therefore, firft treat of the fimple inflam- 
mable fubftances, phofphorus, fulphur, and coal, 
or the carbon of the French philofophers. Hy- 
drogen, or inflammable air, has already been de- 
{cribed under the head of elaftic or aeriform 
fluids. With refpec&t to the compound inflammable 
fubftances, fuch as oils, refins, fat, &c. it will be 
‘found that they confift of different proportions 


* This fac& was previoufly explained in the chapter on 
ignition, in the fecond book. ‘The inflammable part of the 
! 5 : Or : 
vapour is fo completely confumed in Argand’s lamps, that if an 
alembic is fixed to the top of the lamp, the matter condenfed 
‘is altogether water. 


SP ave : and 
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and ftates of combination, of carbon, hydrogen, _ 
and oxygen. ‘The inflammable matter of charcoal 
and coke confifts of carbon only; pitcoal and wood, 
in their crude ftate, contain alfo fome hydrogen, 
which is driven off, together with water and oil, in 
the procefs of charring. 
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COW A PL. UX OCA Vials 
PHOSPHORUS. 


Phofphoras of inka Likee from putrefcent Subftances.——Curious 
Fadis.—Light from the Sea Water, Sc—Balognian Stone. 
— Baldwin's Phofphorus.—Phofphorus of Homberg.—Pyrophori. 


HOSPHORUS*® is a fimple combuttible 
fubftance, which was unknown to chemifts 
till 1667, when it was difcovered by Brandt, a 
German chemift, who kept the procefs a fecret ; 
foon after Kunkel. found out Brandt’s method of 
preparation, and made it public. It has ever fince 
been known by the name of Kunkel’s phofphorus. 
The appearance of phofphorus is that of a tranfpa- 
rent fubftance, of a colour inclining to yellow, like 
clear horn; itis fpecifically heavier than water, is 
tough, and cuts like bees’ wax, and like it melts 
with a gentle heat into a tranfparent fluid. With 
this heat it may be melted in water; but if the fame 
degree of heat is applied in the open air, it melts, 
takes fire, and burns, producing a bright white 
flame with intenfe heat. Phofphorus fhould be 
handled with great caution, as fhould any. of ic 
adhere to the fkin, or get under“the nails, the heat 
of the human body isfufficient to inflame it. The 
procefs for obtaining phofphorus from bones was 
defcribed in treating of the phofphoric acid. 
* Derived from the Greek—** A fabftance affording light.” 
seep eg When 
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When a quantity of phofphorus is burnt in fmall 
pieces under a bell, the phofphoric acid attaches 
itfelf to the internal furface of the bell, in the form 
of a downy mafs. This concrete acid has fo ftrong 
an attraction for water as to imbibe it from the 
atmofphere with aftonifhing rapidity, till it 1s con- 
verted into a liquid confiderably more denie, end 
of greater fpecific gravity than water. | 

From the’ experiments detailed in M: Lavoifier’s 
elementary work. on chemiftry, it appears that one 
pound of phofphorus requires one pound eight 
ounces of oxygen gas for its combuf{tion, and th t 
two pounds eight ounces of concrete pho'phoric. 
acid are produced. 

The phofphoric acid may be obtained by three 
other procefles befides this. If phofphorus is melt- 
ed in hot water, 2 and a ftream of vital air paffed 
through it, it becomes oxygenaced. The fame thing 
happens by plunging i it in nitrous acid, from which 
it abftraéts the oxygen. It. may be alfo acidified 
by fimple expofure to the atmofphere, which ought 
not at the time to exceed the temperature of. ity 
degrees, from the danger of inflammation; in this 
fituation, by a gradual Sombae en: it attracts the 
oxygen of the atmofphere, and becomes converted 
into an acid. 

The cauttic fixed alkalies diffolve phon phorus by 
the affiftance of heat. During this combination a 
| fetid gas 1s difengaged, which has the fingular pro- 
perty iis eXplodyin as foon as it comes. in contact. 
with atmofpherical air, and ftill More» rapidly by : 
contact with vital air. ; 


o The 
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‘The phofphoric acid forms peculiar falts with the 
alkalies and fome of the earths, and has the pro- 
perty of corroding glafs. With the mineral alkali 
jt forms a falt, the tafte of which is lefs unpleafant 
than that of other neutral falts, and which is well 
calculated to anfwer the purpofes for which neutral 
falts are ufed in medicine. The phofpheric acid 
acts only on a {mall number of metallic fubftances, 
but readily diffolves, in its fluid ftate, iron, zinc, and 
scopper, with which it forms falts not cryftallizable. 

Phofphorus feems to be almoft univerfal in the 
animal kingdom, and is alfo found in fome minerals, 
and in a very minute proportion in moft vegetables. 
The bones of animals are a true phefphat of lime, 
or an earthy falt cempofed of phofphoric acid and 
calcareous earth. The urine alfo contains.a confi- 
derable quantity of phofphoric acid, chiefly com- 


bined with volatile alkali, but partly alfo with calca- 


reous earth. This compound falt, afforded by the 
evaporation of urine, was formerly known by the 
names of effential falt of urine, or microcofmic fal. 
Brandt, Kunkel, and Margraff, and all chemitts, 
tilllately, prepared their phofphorus from that fub- 
ftance, but it is now almoft entirely obtained from 
bones, which afford it more plentifully and with lefs 
trouble. Phofphorus does not yet feem to have 
been applied to any important ufes. 

From the remarkable eafe with which phofpho- 
rus is inflamed, feveéral experiments may be exhi- 
bited by means of it, which appear like the effects 
of magic to perfons unacquainted with the nature 


of this fubfteace. Thus, for example, if the outfide 


ia 
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of a bottle is rubbed with phofphorus, and then 
furrounded with tow, and hot water poured into 
it, the phofphorus takes fire, and communicates 
the inflammation to the tow. Ifa ftick of phef- 


phorus is ufed to write on a piece of paper, or on a, 
wall, a quantity of phofphor us 1s abraded, and, un- - 


dergoing a flow combuttion, renders the ftrokes 
vifible in the dark, while in the light they can only 
bé perceived to exhale a whitifh vapour. 

A fluid called liquid phofphorus is prepared by. 
digefting fome phofphorus in the heat afforded by 
horfe dung for two days, in oil of cloves, oilof tur- 


entine, or any fimilar fubftance. After diffolution,” 
Pp y¥ > 


the oil will | be fo impregrated with it, that when the 
phial is opened, it will appear luminous. Any 
thing moiftened with this fluid will in the. dark 
feem to be on fire. . 
Many natural phenomena, w which in the ages of 
fuperftition ferved to aftonith and affright mankind, 
have received a fatisfaGtory folution fein the dif- 
covery of the phofphorus of Kunkel. We learn 


from Fabricius-ab aquapendente, that three young ~ 


men at Padua, having bought a lamb, and eaten 
part of it on Eafter Day, ey oct feveral pieces of 


~ 


the remainder, which were kept till the day follow- ~ 


ing, fhone like fo many candles when cafually — 
viewed in the dark. It appears by his account, — 


that the aftonifhment of the whole city was excite 
by this phenomenon, and a part of the flefh was feint 
-to him, who was profeffor of anatomy, to be exa- 
mined by him. He obferved, that “thofe parts 
which were foft to the ‘touch and’ uranfparent. in 

candle 
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candlelight were the moft refplendent.. A philo- 
fopher of not lefs note, has furnifhed us with a very — 
pompous account of a fimilar phenomenon, which 
occurred at Montpelier in 1641. A poor old wo- 
man had bought. a piece of fiefh in the market, in- 
tending to make ufe of it the day following; but 
happening not to fleep well that night, and her 
pantry being adjoining to her bed, fhe obferved 
that a quantity of light proceeded from the meat, 
fo as to illuminate almoft the whole place where it 
hung. We may eafily judge of the terror and afto- 
nifhment of the poor woman herfelf, fince we find 
_that.a part of the flefh was carried, as a very extra- 
ordinary curiofity, to Henry Duke of Conde, who 
viewed it with the utmoft furprize for .feveral 
hours. The light was as if-gems were fcattered 
over the pea and continued till the flefh 
beean to. putrify, when it vanifhed, which it was 
_believed to do in the form of a crofs. 

The attention of a) more philofophic age was 
. directed to experiments to afcertain the caufe of 
this light. Mr. Boyle found, that the’ light of rot- 
ten wood. was extineuifhed in vacuo,. and revived 
again. by the admiffion of air, even after a long con- 
tinuance in vacuo, The extinctien of the light was 
not fo complete immediately on exhaufting the recei- 
ver, as fome littletime afterwards. The wood was not 
much affected by condenfed air; but the light of a 
fhining fith, when put into: the donidenifin engine, 
was rendered more vivid by’ that means. As air is 
therefore neceffary to combutftion, thefe experiments 
clearly indicate, that this light is the effect of a. 
‘flow combuftion, or fomething analogous to it; 
X and, 


“ 
, 
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and, indeed, the experiments upon the phofphorus 
of Kunkel have fince placed this matter beyond a 
doubt... The combuftion, however, in thefe cafes, 
is fo very flow, that no change of air appeared ne- 
ceflary for the maintenance of this light, for it con- | 
tinued for a long time, even though the wood was 
confined within a glafs eainotically fealed. 

‘To explain. the caufe of this combuftion it is 
. only neceflary to repeat what has been juit ftated, 
that there exiits in every animal body, and in moft 
vegetables, a certain quantity of phofphorus.. This | 
principle, we have feen, is extremely active, and has 
the ftrongeft tendency to unite with the pure part 
of our common air. During that feparation, there- 
fore, of the parts of bodies, which takes place in an 
incipient putrefaction, thefe phofphoric particles are 
detached from thofe with which they are combined, 
and by the actin of the air, a degree of. combuftion 
takes place,. but fo extremely faint, that light only 
is produced, without the leaft adarwnsee”: of: fenfible 
heat. 

» This-fhore. saan of the caufe vill I fat. 
-termyfelf, correfpond with moft of the phenomena 
of ‘this kind noticed by philofophers.. Mr. Boyle 
found that the light of rotten wood was in moft re- 
fpects analogous to that of putrefcent fubftances. 
The light of the former, however, differed in fome 
refpects; it was prefently quenched. with water, 
{pirit.of wine, and a variety of other fluids; but the 
~ lightof fome fhining veal was not entirely quenched 
by water, though 1 its virtue was ina deftroyed 

| | aeDy 
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by fpirit of wine*. The. fame philofopher was 
fometimes difappointed in his experiments on 
thining fifhes; particularly he obferved, that they 
failed to become luminous in cold and frofty © 
- weather, which is exactly agreeable to the nature of 
phofphorus, fince its combuftion is exa@ly in 
proportion to the heat which is applied to it. He 
remarks alfo in another place, that the light of 
fhining wood was completely extinguifhed by ex- 
treme cold. 3 

Some bodies have a much greater tendency to 
produce this light than others. A foreign philo- 
fopher remarked, that on opening a fea polypus it 
was fo luminous as to ftartle moft of the perfons 
who faw it; the nails and the fingers of thofe: 


-who touched it became luminous alfo. The light 


of the slow worm, and other luminous infeéts, ee 
deperid upon fome flimy or fluid matter which they 
emit, and which has this tendency to fhine. There is 
a remarkable fhell-fith, called pholes, which forms for 
itfelf holes in different kinds of ftone. This fifth illu- 
minates the mouth of the perfon who eats it; and it 
is remarked, that contrary to the nature of other 
fith, which give light when they tend to putref- 
cence, this is more luminous the frefher it is, and 
when dried its light will revive on being moiftened 
either with falt water or freths brandy, however, 
immediately €xting guthes: it}. 

The luminous appearancevof the fea in the night 
time cannot have shemahin the obferyation of any 


# Prioft Op. 565. 4 Ibid. 567. 
perfon 
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perfon in the leaft converfant with that element. 
Ehe light occafioned by the dafhing of oars, or by. 
the motion of the waves by night, is extremely: - 


-beautiful.. Father Bourzes, in his voyage to the 


Indies in 1704, remarked particularly the luminous 
appearance of the fea. The light was fometimes 
fo great, that he could. eafily read the title of a book 
by it, though nine or ten feet from the furface of 
the water. . Gammedrues he could eafily diftinguith, 

in the wake of the fhip, the particles which were not 
luminous from thofe that were. The luminous 
particles: alfo appeared of different forms;  fome 
appeared) like points of light, others like ftars; 
fome of them refembled globes of a line or two 
diameter, and fome appeared as large even asa 
man’s head ; ‘they affumed {quare and triangular _ 
as well as globular forms, and not only the wake 
of the fhip, but fifhes in fwimming, produced thefe 
luminous appearances. All thefe phenomena he _ 
attributes, and rightly, to the fat or putrefcent — 
ftate of the water, and obferved, that when the 

wake of the fhip was brighteft, the water was moft _ 
clammy and glutinous. In fome parts of the fea, 

he faw a fubftance like yellow and red dutt, and 


the failors told him it was the fpawn of whales which 


producéd all thefe appearances*. © Later experi. 
ments have proved, that the luminous appearance 


of the: fea entirely proceeds from the putrefceng 


parts of marine animals f. 


‘ * Prieft Op. ogc tipee $ Ibid. 576. 
: Human 
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Human bodies, as well as thofe of other ani- 
mals, emit light juft when they begin to putrify ; 
and the walls and roofs of places in which dead bo- 
dies have often been expofed have been obferved 
to have a flimy matter derofited on them, which. 
was luminous in the dark. . The lights which are 
fometimes feen in burial grounds undoubtedly 
proceed from this caufe alone*. Similar appear- 
ances have been obferved about the beds of fick. 
perfons, probably in putrid difeafes: one of thefe 
was obferved about the body and the bed of a fick 
woman at Milan, which fled from the hand that ap- 
proached it, but was at length difperfed by a ftream 
ofair. It is well known that the fweat often contains 
a confiderable quantity of phofphoric matter +. 

‘Certain ftony matters are called photphoric, but 
- do not in faé&t contain a particle of that fubftance. 
The moft remarkable ftone of this kind has been 
already noticed, I mean the Bolognian frone, {fo 
called from the place where it is ufually found. 
Mareraff fays, that the Bolognian ftone is fofc, fria- 
ble, heavy, cryftallized, and incapable of effervefcing 
with acids, till it has been calcined in contact with 
fuel, and with a°free accefs of air. Thefe qualities 
have induced him to clafs it among the heavy fufible 
fpars, all of which are capable a being rendered 
phofphorefcent. After analyzing thefe Tabittanced: 
he concludes, that they all contain vitriolic acid 
combined with calcareous earth, and that they are 
of courfe felenites. In order to make thefe ftones 


AS fright, Opes 76y °° 4 Thid. 587. . 
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phofphorefcent, they muft be heated red hot, and 
afterwards reduced to powder. ‘This is to be made. 
into a pafte with gummy matter, and to be cat into 
cakes as thin as a knife. After thefe cakes have 
been heated in contact with charcoal, they are fit 
for ufe. What is called the phofphorus of Bald- 
win is a combination of chalk with nitrous acid; 
and the phofphorus of Homberg is a combination 
of quick lime with muriatic acid. All thefe fub- 
{tances have the property of fhining ia the dark 
for fome minutes, after having been expoted to the 

heht of che fun, or, sonordige t6 Mareraff, after 
having been fimply heated. Mott fobdankes: 
after having been held in a bright light, emit fome- 
faint light on being fuddenly Thee into a very 
dark place, but tise light afforded by the fubftances 
above defcribed is fo remarkable as to have at- 
tracted particular attention. 

Bolognian ftone can be illuminated by the light 
of a candle, but not by the light of the moon, or 
of another phofphorus. When one part of it is 
illuminated, it is not communicated to another. 
Two feconds will give it all the light it is capable 
of receiving, but one fecond will imperfectly illu- 
minate it. Some fpecimens will continue vifible 
for thirty minutes; but in general the light is not 
vivid for more than four minutes, 

Father Beccaria, having inclofed fome pieces of 
extraordinary good folar phofphorus in tubes, 
into which the light was admitted through 
glafs, afferts, that the phofphorus was of that cos 
lour only which it imbibed, All thefe phofphori 

will 
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will lofe their virtue by being long expofed to 
open ° day. Some of them oa cine their 
beauty a long time though plunged in water, which 
in the end, Bieee. deftroys them ; fome of them 
will fhine with peculiar fplendor, while diffolving in 
warm water. which is partly to be attributed to the 
~ heat they imbibe in this procefs. 

The fubftances known by the name of pyro- 
phori, which fpontaneoufly take fire when expofed 
to the air, are varioufly prepared. A pyrophorus 
may be very eafily made, by mixing alum or any 
vitriolic falt with charcoal, or any matter containing 
charcoal, and keeping them in a red _ heat for an 
hour, the air being excluded; this operation may 
be performed in the bowl of a tobacco pipe. The 
_ pyrophori, when made, mutt be very carefully kept 
from the air; for if the veffel in which they are con- 
tained fhould be accidentally opened or broken, 
there is danger of their fetting fire to any thing 
with which they come in contact. 

_ The calcareous, or folar phofphori, and the pyro- 
phori, have two ftriking circumftances in common, 
which are, that they are both prepared by the ap- 
plication of heat, and both lofe their properties by 
expofure to air; that their properties, therefore, 
_ proceed from the fame caufe, is extremely probable, 
and this caufe may probably be the attraction of 
oxygen from the atmofphere. It has been imagined, 
that the calcareous phofphori lofe their property by 
expofure to light; but this is a miftake, for irs 


properties remain uninjured by expofure to light in 
clofed veffels, | 


\ 


Tt 
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It muit be confefied, however, that. the nature 
both of the calcareous phofphori, and of the pyro- 
phori, has never been fully explained. It is only 
neceflary in this place to caution the reader againft 
confounding them with phofphorus, the proper fub- 
"ject of this chapter, from ‘which they are Bey 
different. | 

Dr. Prieftley put a 1 quantity. of pirophor into 
one of the fmall jars ufed for making experiments 
upon air in quickfilver, then filling up the veffel 
with that fluid, he inverted it in a bafon of the. 
fame, and threw in dephlogifticated air at different 
times: it always occafioned a fudden and violent 
accenfion, like the flafhing of gunpowder, and the. 
air was a ehcac! diminithed. 


a 
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Cuap. XXXVIIL 


SULPHUR. 


General Properties of Sulpbur—Natural Hiftory of Sulphur sme 


Union with Earths—With Alkalies——Liver of Sulphur 
Artificial fulphureous Watersm_—_Ufes of Sulphur. 


ULPHUR is another fimple inflammable fubs 
{tance, which agrees in fome properties with 
phofphorus. Like that it melts with a gentle heat, 
and is capable of a gradual as well as of a rapid 
combuftion, in proportion to the degree of heat 
applied to it. | | 
In treating of other bodiés, patticularly the me- 
tallic, feveral have been mentioned with which 
fulphur is found united in the bowels of the earth = 
few fubftances. are indeed more abundant in nature 
than fulphur ; it alfo enters into the compofition of 
animal matters, and, in a very nail Biopbrdons into 
that of vegetables. 

The fulphur of commerce is extracted, by diftil- ° 
lation, from the fubftance which has been fo often 
mentioned under the name of pyrites; in which 
{tate it is combined with iron; and is fo hard as to: 
ftrike fire with fteel. Pyrites in colour and ap- 
pearance refemble brafs fome pieces are cubical; 
but in general this mineral has no determinate form. 
‘The fulphur obtained by the firit diftillation is fel- 
dom pure, from the fteams of -other volatile fub-_ 

Vou. Il. U : flances 
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{tances which rife and are condenfed with it. It is 
purified by being melted in a ladle, and kept in 
that ftate till the impurities fettle at the bottem. 
If it is an object to obtain fulphur of the greateft 
purity, ‘this muft be effected by fublimation; and 
in this {tate it is commonly fold under the name. of 
flowers of brimftone. Even thefe, however, are 
fometimes rendered impure by the fulphur taking 
fire, which produces a mixture of vitriolic acid. 
This is effectually removed by. boiling the flowers 
in water, which diffolves the acid, antl leaves the 
fulphur in a pure and mild ftate. Sle 
_. Sulphur is fometimes found, more or rlef pure; in 

the neighbourhood of volcanos, in which cafe it 
feems to have been feparated, by fubterraneous 
heat, from fome fubftance with which it was pre: / 
vioufly combined. 

The method of burning fulphur for the prepa- 
ration of the vitriolic acid has already been defcrib- 
ed when, treating of that acid. | 

Sulphur has no action on filiceous earths, but 
very readily unites with the calcareous. It is alfo 
capable of combination with magnefia, ponderous 
earth, and volatile alkali. It unites; however, 
with much more violence with the fixed alkalies. 
All thete combinations are of a. liver-colour, and 
are therefore called livers of fulphur. By M. La- | 
 -yoifier they are much more properly denominated 

fulphurets: of thefe feveral fubftances, as fulphuret 
-.of lime, fulphuret of magnefia, &c. Thefe fub- 
ftances are foluble in water, and have confiderable 
action on a variety of other bodies. The combi- 
i nations 
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- nations of fulphur with earths and alkalies may be 
all decompofed by means of acids, and the earthy 
fulphurets by means of the fixed alkalies. Thefe 
fubftances, when diffolved in water, difengage a 
peculiar gas called hepatic gas. This gas is pre- 
cifely the fame, from whatever kind of {ulphuret it 
proceeds ; but none of them afford it unlefs mixed 
with water. This gas, therefore, proceeds from a 
‘decompofition of water, and is found to confift of 
fulphur diffolved in inflammable air. When this 
eas comes in contact with vital air it is decompofed, 
the vital air and hydrogen uniting to form water, 
while the fulphur is precipitated in fmall flakes. 
This gas is capable of folution in water, and by 
thefe means natural fulphureous waters may be. 
imitated. | 

The chief ufes to which fulphur. is applied are, » 
the making of gunpowder and vitriolic acid. It is 
alfo ufed in bleaching, and is an article of fome 
importance in the materia medica. 
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Cyuap. XXXVIIT. 


THE CARBONACEOUS PRINCIPLE, _ 
7 
Nature of the Carbonaceous Principle.—In wwhai Subjpances princk- 
pally found.—Charcoal—Lamp-black.—Sirong Attrafion of 
the Carbonaceous Principle for Oxygen.—Its Use in the Reduce 
tion of Metals. Senta or Black Lead. rails uarious Ufes. 
én. the Aris. : ; 
HE word carbon is adopted from the nomen- 
élature of the French chemifts, to exprefs am | 
inflammable matter which conftitutes the chief part 
of the weight of charcoal, pitcoal, 8c. and which, 
with differen proportions of hydrogen, or the bafe 
of inflammable gas, forms the different kinds of | 
oil. 

By the combuftion of carbon a. peculiar Acid‘is 
formed, which is foluble in water, unites with alka- 
line bafes, and poffefies all the properties of acids 
in general, though in a weak degree. This acid 
has already oan ‘treated of under the name of 
-carbonic acid gas, or fixed air. 

Carbon exifts in great quantities in foils, as the 
ereater number of calcareous ftones and earths are 
found united with it; it is alfo one of the confti- 
-tuent parts of the atmofphere, in both which ftates 
Gt is combined with oxygen. It is found united 
with earthy matter and oil in the extenfive ftrata of 
pit-coal, and with iron in the matter which ts 
called Blumbago, or black lead, Carbon alfo exifts 


ou) in 
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Gn all vegetable and animal fubftances, and confti- 
tutes a confiderable part of their weight, particular- | 
dy of thofe vegetable matters which are the moft 
firm. The ftate of ereateft purity to which carbon 
can be reduced is, by. burning wood in fuch a man- 
her as to reduce it to “iabetalk which, when well 
made, contains carbon united with only a very 
‘finall proportion of fuch matter contained in vege- 
table fubftances as cannot be driven off with heat, 
fuch as earthy and faline matter, with avery minute 
portion ofiron. In order to convert wood into 
charcoal, the only circumftances neceffary are the 
application of heat while the air is excluded. The 
only elementary fubftances which feem to be tni- 
verial in the vegetable kinedom are, carbon, hydro- 
gen, and oxygen. ‘The former of thefe fubftances 
has very little attraction for caloric, or the matter of 
heat, and therefore cannot be driven off in vapour, 
at leaft by the heat of ordinary fires; the two latter, 
however, have a ftrong attraction for that principle, 
and therefore eafily aflume a gaffeous ftate. In the 
ordinary temperature of the atmofphere the carbon, 
hydrogen, and oxygen, which conftitute the woody 
‘fibre, feem to exift in a ftate of triple combination; 
but this isnot theca‘e when the temperatureisaltered. 
According to M. Lavoifier, if a heat, not exceed- 
ing that of boiling water, is applied, one part of the 
de dices: combines with oxygen, and forms water, 
the reft of the hydrogen combines with a part of 
the carbon, and forms volatile oil, while the remain- 
der of the carbon remains fixed at the bottom of 
the veflel. If a red heat, however, i is applied, no 
ey U 3 : water 
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water comes over, carbon having a fipuece attrags 
_tion-at that, temperature for oxygen than hydrogen 
has, and therefore carbonic acid is produced; and 
the hydrogen being left free from other combinations, 
unites with caloric, and comes over in the form of 
hydrogen gas. In -this high temperature no oil is 
produced... 

The fglidity of charcoal depends on that =f the 
wood from which it is procured, and the care, with 
which the procefs is conducted. In general it pre- 
ferves the form of the vegetable, unlefs that was © 
very fucculent.. Pure oils, from decompofition by 
heat, -afford a. coal in very fine partiel called 
lamp-black. : 
~In whatever manner the volatile matters can Re 
} difpelled from vegetable or animal fubftances with- 
out the admiffion of vital air, which would con- 
fume the carbon, charcoal is produced, which con- 
tains no ingredient capable of inflammation except 
carbon, ind therefore, with refpect to that procefg, 
may be confidered as carbon itfelf. 

Charcoal, expofed to the greateft heat without 
the prefence of vital air, remains unconfumed and 
unchanged... This fact has been denied by the 
advocates for the phlogiftic hypothefis, who maintain 
that the pureft charcoal, treated in this way, affords 
.@ quantity: of inflammable gas. It is\ now, show- 
ever, I believe, commonly admitted, that if the - 

charcoal is firft, accurately dried, no inflammable 
gas is produced, and therefore that which has 

‘been obferved by other chemifts is to be attribut- 
ed to the prefence of a fimall quantity of water, 
‘which, in a high temperature, is decompofed 
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by charcoal. Dr, Prieftley has obferved, that char- 
coal has a ftrong difpofition to attract humidity 
from the atmofphere. He found that charcoal 
prepared in the evening, and kept till the morning, 
became fenfibly moift, and unfit for nice experi-, 
ments. This remarkable attraction for water is, 
perhaps, to be attributed to the alkaline falts ufually 
contained in charcoal. 

From the. very ftrone attraction wiih oe car- 
bonaceous principle has cat oxygen, there is no fub- 
{tance that can be applied to feparate it from that, 
matter. Carbon, on the contrary,.is capable of 
‘ decompofing all the acids except. the boracic, the 

uoric, and the muriatic, the unknown bafes: of. 
which have a ftronger attraction. for oxygen than 
itfelf. 

Charcoal readily she aie the phofphoric and 
fulphuric acids, the bafes of which. burn at a lower. 
temperature ; and this fact evinces, that the degree of 
heat at which the combuftion ofa body begins does not 
accurately mark its degree of attraction for oxygen. « 

From. the ftrong affinity of the carbonaceous. 
principle for oxygen, charcoal is the moft power- 
ful fabftance which can be ufed in the reduction of; 
metals, Charcoal has alfo another advantage over 
other inflammable fubftances in thefe operations,, 
which is, that it bears a great degree of heat with- 

out volatilization, 

According to the experiments of Lavoifier, in the 
combuttion i one pound of charcoal, two pounds, ~ 
nine ounces, one drachm, ten grains of oxygen gas 
are abforbed, and three Houads nine ounces one 

U 4 | drachm 
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drachm ten grains of carbonic acid eas ate 
formed. 

The carbonaceous principle, or carbon, is one of 
the moft important fubftances in nature. Itis one of” 
the neceffary conftituent parts of animal fubftances, 
and enters into the compofition of all alimentary 
matters, flour, fugar, mucilage, oil, 8c. Itisalfo 
the chief ingredient in all kinds of fuel. PUREEOS 

‘PLtumpaco, or black lead, is found to confit - 
of carbon combined with about one-tenth of its 
weight ofiron. It appears to be fearcely inflam- 


ae mable, but may, however, be almoft entirely con- 


fumed with the production of carbonic acid” gas, 
by keeping it heated to a great degree, and agitat- 
ed fo as to expofe it thoroughly to the air. Itmay 
be alfo deflagrated with a large proportion of nitre 
in ared heat. It is found in a feparate ftate ina 
variety of places; but the fpecies beft adapted for 
making .pencils comes chiefly from Burrowdale, 
in Cumberland. For this purpofe it is cut into 
_ thin plates, the edge of which, being fitted into a 
groove in a femi-cylinder of wood, is then fawed 
off, fo as to leave the cavity entirely filled) The 
black lead is retained in its place by the other half 
of the cylinder, which is gluedon. The makers © 
of {mall fhot polifh and blacken its furface by agi- 
tating or rolling it in a cafk with powder of plum-' — 
bago. This mineral is likewife ufed in the manu- 
facture of razor- eps me 
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Different Species of Coal.—Newcaftle Coal—CulitmeSlate Coal.— 
Cannel Coal.—Kilkenny Coal.—Bovey Coal.——Peat—C chem 

Coal Tar.—Natural Hiftory of Coal——Otfervations relative to 
the Deluge. . 


rT COAT isa fabfance of which there are 

many varieties, the caufes of which have not 
been afcertained, as all the kinds afford very nearly 
the fame refults by chemical analyfis. The mot 
ob ei varieties ‘are, 
a, Newcastie coal is of a black colour and 
fhinine appearance, where it has been lately broken. 
This fubttance undergoes an imperfeé fufion when 
heated, fo as to cohere or cake. It burns with a 
lively flame, and is nearly confumed in the fire. It 
does not break equally in all directions, ae is com- 
pofed of laminz. 

2. Cutm coal. This contains a large propor- 
tion of argillaceous earth, fo that after being burned 
its bulk is fcarcely diminifhed. It burns with a 
lively flame, but its appearance is more dull and 
earthy than that of the former. This kind of coal 
is found in Sweden, and 1 in fome parts of England. 

3. SLATE coaL. Thi8 has very much the appear- 
ance of fome of the common kinds of flate, but it 
burns very eafily, with a copious and bright flame, 
It confifts chiefly of argillaceous earth, and feems to 

have 
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have only been penetrated with bituminous or coaly 
matter. 

4, Cannen.-coal is. of a dull .black Bek pat 
breaks exufily in any direction, and in its fracture 
prefents a {maoth conchoidal. furface, if broken 
tranfverfely. It is nearly confumed in the fire, 
burns with a lively fame, but if fuddenly heated 
flies in pieces with confiderabie violence: - This in- 


‘convenience is faid to be removed ‘by previoufly 


immerfing it in water for fome hours*. Cannel 
coal does not foil the fingers, and admits of being 
turned into. {nuff bexes, inkftands, trinkets, &c. 

The word lithonthrax, ufed by fome mineralo- 
cilts, properly denotes {tone coal, and feems moft 
i applicable to cannel coal, as this, from its. dull and 
uniform fracture,. has moft refemblance toa ftony. 
fubftance. | 

5, Kitxenny Ccoal.. This is perhaps the moft 
free from earthy matter of all the different fpecies 
of coal; the earth contained in it not exceeding the 
twentieth part of its weight. This coal burns with _ 
lefs flame and fmoke+, and more flowly and in- 
tenfely than the cannel coal, 
‘ #* It is cuftomary i in Lancafhire to fprinkle fale npon cannel 
coal, to prevent its flying; but I cannot fpeak decifively as to, 
its effects, having never ee the experiment accurately made. 


Poffibly the water contained in the falt may have fome influence 
‘ in preventing the cracking of the coal. 


+ Kilkenny, the town in Ireland where this coal is pro= 
duced, is pleafantly fituated ; it is watered by a clear and beau- 
‘tiful river, and produces. alfo a black marble variegated with 
white fpots. ‘The place has therefore been proverbially cha- 
ratterized— Fire without {moke, air without fog, water 
without mud, and the ftreets paved with marble.” 
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. 6. SuLtpuuRrous coal. All thofe kinds of coal 
-are called by. this name, which are mixed with 
: particles of a yellow and met allic appearance, and 
which are in facta {pecies of pyrites, In confequence 
of this admixture they emit, when burned, a ful- 
phureous frncli, and fall to pieces when expofed to 
the. action ot air and merfture, 

7. Bovry coal, xylanthrax, is of a brown or 
brownmith black colour, and of a yellow laminar 
texture. The laminae are frequently flexible when 
frefh dug, though they generally harden cn expofure 


to air. It feems to confift of wood penetrated by. 


petrol or Rare and frequently contains pytites, 
alum, and. vitriol. 

8, Pear or turf, geanthrax. ~It may admit of 
doubt how far itis proper to confider peat among 


the fpecies of coal; but as fome philofophers of , 


great authority. have atiributed every kind of coal 
to a vegétable origin, and as fome kinds are deci- 
fively fo, the reafon of this arrangement will be 
obvious. What is properly called peat is formed 
by the growth of a particular vegetable matter, 
peat mofs, which increates to fuch a degree in 
moorifh grounds as to form ftrata of many feet 
in thicknefs,, When peat is freth dug from below 
the furface, it is of a vilcid confiftence, but hardens 
by expofure to the air. It is often mixed with 
py: rites. and ftony matters, which are feparated 
from it while foft, in which ftate it ts furmed into 
oblong maffes for fuel. When diftilled,. it affords 
water, oil, and volatile alkeli, which are precifely 
the products afforded by the diftillation of pit- 

@. coal, 


+ 
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coal. A kind of peat is found near Newbury, in 
Berkfhire, which contains but little earth, and 
confifts of wood, branches, twigs, roots, with — 
leaves, orafs, ftraw, and weeds. What is dug 6n — 
moors, under the name of turf, frequently its ig 
a mixture of peat. 

Coal, when heated and inflamed ,to fuch’ ae. 
‘gree as to expel the more volatile parts, forms a 
-kind. of mineral charcoal, called coke, whichis 
highly ufeful in the property of affording a itrong, 
clear, and lafting fire, without forming ‘a cohefive 
mafs, which would prove very stchadicial in the 
{melting of metals. It is alfo ufed in drying thofe 
fubftances which would be injured by a rales 
fmoke of common coal. 

Lord Dundonald was the firft perfon who im- 
proved this procefs, by collecting the rar and vola- 
tile alkali, which are driven off from the coal, 
while it is converted into coke. His method has 
been adopted with much advantage in feveral parts 
of Britain. The coal is put into ovens, which are 
heated by fires lighted beneath, and the liquid mat- 
ter is forced through an iron pipe inferted into the 
top of the oven, and which cormmunicates with 
proper condenfing vefiels. By this procefs a_ 
corrofive watery liquor and two forts of oil are ob- 
tained. Six barrels of the mixed oily matter pro- 
duce about five barrels of oil of a thicker confit 
‘tence; of the oil thus thickened, one part is lighter 
‘than the other, which is drawn off, and is not at 

| | - ~prefent 
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prefent applied to any ufe*. The thicker part 1s 


ufed as an inferior kind of tar. 

Coal, like moft other confiderable maffes of 
matter found near the furface of the earth, is dif- 
 pofed in beds or ftrata, which are fometimes parallel 
with the horizon, but generally , form different 
angles with refpect to it; the fame ftratum uniformly 
pteferves the fame direction. The ftrata of coal 
are difpofed between ftrata of other matters. The 
following ftrata are ufually found in thofe diftricts 
of country, both in England and Scotland, where 
coal abounds: nee mal freeftone, fandftone 
or freeftone of a coarfer texture, metalftone, which 
is a hard argillaceous fubftance, containing balls of 
- qron ore and fhiver, which is the moft common of 
them all, and is an indurated bole, ufually of a 
blackifh colour. 

Thefe ftrata do not bear on each other. i in. the 
fame order in different collieries, nor are they of 
any uniform thicknefs. The ftrata of coal them- 
felves.are divided by other partings, called éacks and 
eutters, into innumerable cubic, BIH MALS and 
- rhomboidal figures. 
In_all places where the ftrata li Sa, they 
_ are divided and, fubdivided in the manner above 
mentioned, and fometimes extend uninterruptedly 
through a confiderable diftri&.... This. regularity, 
however, is frequently broken, by gaps filled. by 
other matter, which has evidently fallen. in, in 
eonfequence of the ftrata having, been feparated 


cae See Bishop Watfon’s Lflays. ; 
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from each other by fome violent convulfion. The 
largeft gaps are called dykes, and defcend from the — 
furface of the earth, fometimes perpendicularly, 
formetimes obliquely, to the greateft depths ever 
tried. “On each fide of thefe gaps the ftrata corre- 
fpond, but they are’ often funk feveral feet or fa- 
thoms lower on one fide than the other, sie! this is 
called a dip. { 
With refpeét to the origin of witha it is the 

: opinion of Dr. Black, Bithop Weatfon, andother 
philofophers of high reputation, that the ftrata of 
coal were etiaiay large collections of vegetable 
matter at the furface a the earth. In diftant ages, © 
Britain was probably almoft entirely covered with 
immenfe forefts and collections of peat mofs, which 
(according to the opinion of thefe naturalifts) being 
covered with quantities of fand or earth brought by - 
floods, or by more gradual caufes, as the fallingof the — 
fubftance of the neighbouring hills, has been preted 
and confolidated, if courfe on time, into the fub- 
ftance called pit coal. The furface of the earth has 
_alfo been probably rendered unequal in a variety — 
of places by the action of earthquakes; this would 
give rife to the formation of lakes in thofe places 
which were depreffed. In this manner, a quantity 
of vegetable matter would become covered by 
depofition from water. Volcanic eruptions muft 
often alfo have overwhelmed large collections ‘of 
vegetable matters. We even find vegetable mat- 
ter in an intermediate ftate between organized 
vegetable fubftances and coal; for peat has ftill 
fome fall remains of organic texture, but feems 
chiefly © 
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chiefly to confit of ‘oily and inflammable matter, 
which only requires time and the preffure of fupe- 
incumbent ftrata to convert it into the firm and 
compact texture of coal. In fome places, the re- 
mains of forefts have been obferved converted into 
an imperfeét pit coal, in which the trunks, 
branches, bark, and roots of trees, are difcernible. 
In the neighbourhood of coal pits, impreffions of 
vegetable matters, and particularly of fern, are 
ufually obfervable.. Now it is remarkable, that 
both peat mofs amd fern are produced on wild and 
uncultivated lands, and this renders it ftill more 
probable, that coal in general owes-its origin to 
peat mofs. Coal is found in thin and broad ftrata, 
fuch as might be expected on the fuppofition of its 
being derived from the decay of peat mofs, or col- 
lections of other vegetables on the. furface of the 
earth. Coal is often covered ‘with’ matter which 
cannot be fuppofed to have been created in its 
_prefent ftate, as fandftone, the particles of which 
are evidently owing to the motion and friction 
occafioned by water. It has: been already men- 
tioned, that the produéts afforded by the diftillation 
of peat mofs and pit coal are precifely the fame. 
We know of no fubftance purely and unqueftion- 
ably mineral, which affords products at all fimilar, 
and it therefore on the whole feems probable, that 
the ftrata of coal found in different countries, 
however extenfive, owe their origin to vegetable 
matter. The bituminous matters feem alfo to be 
exudations from vegetable matters buried in the 
earth, | 


In 
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In confirmation of the fame. opinion, Tadd the © 
following extract from,the..late ingenious Mr. 
Whitehurft’s. Inquiry..into the original. State of 
the Earth. © All the ftrata.incumbent.on coal, 
whether. argillaceous {tone or. clay; contain. figured 
fiones, reprefenting a vaft variety of vegetables, or 
_ the impreffions, of them, as. reeds of various kindss 

ftriated “and jointed. at» different. diftances, the 
euphorbia of the Eaft Indies, the. American ferns, 
corn, arafs, and many other fpecies of the vegetable — 
kingdom. They are inclofed in-the folid fubftance 
of the ftone, &c. -Thefe vegetable forms, and the. 
ftratacontaining them, are the certain indication. of 
coal, notonly in Derbyshire, but in every part of the 
kingdom which I have vifited; and I am informed, 
that the fame phenomenon holds equally true in every 
other part of the world yet explored.’) In general, 
the ftone which holds-foffil plants is either very. 
hard and-clofe, or bituminous, ‘fo as, to: abloni no 
accefs to water. 

‘The great difficulty in this olan ‘stile 
_ from the immenfe quantities of thefe matters which 
are found in the earth, and this difkeulty. ‘can only» 
be removed’ by referring to a fact, which is fup- 
ported by the traditions ok aes nation upon sii i 
the univerfal deluge. hid hig ‘ge 

_ Among many other curious. bifida wciaton 
to the deluge and its remains, made ‘by Dre 
Scheuchzer and his. brother, the Doctor informs us 
of the trunk of a tree, nine Parts feet in length, with 
fome part of its branches ftill left upon it, which is 
Jodged upon the fummit of mount Stella, the chief 
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of all the Alps of Switserlahd. which; according to. 
the barometer, is rhore than two Englith ftatute 
miles perpendicular in height, and four. thotifand 
feet higher than any trees or vegetables are obferved — 
_ ‘td grow; hé concltides, therefore, that it was left 

| ddiere by the fubfidence of the waters of the deluge. 
Another médern writer alfo very propertly remarks, 
© When we find on any ftones an exact refemblance 
of a plant, a leaf, or fome fruit, that we are ac- 
quainted with, if thefe leaves are bent or folded; » 
if they crofs éach other, or lie one upon another, 
they ate certain indications that the plant or fruit fo 
-repreferited is ati impreffion made by a natural 
body *.’ Specimens of this dclersption are frequently 
found. 

Not only vegetables, however, but parts of ani- 
thals alfo, are met with, deeply plunged in the ftra- 
ta of the earth, for the prefencé of which, in fuch 
fituations, we cannot account, except by fuppofing, 
that they were depofited during the deluge, when 
riot only the windows of heaven were opened, but. 
the fountains of the great deep were broken up; 
expreffions which denote; in the ftrong ftyle of ori- 
éntal imagery, the extenfivenefs of that vaft dif- 
turbance or convulfion which happened to this 
globe. A foffil fkeleton of an alligator, twelve 
or fourteen feet in length, was difcovered in the 
cliff of an alum rock, near Whitby, in Yorkshire. 
In a gravel pit of Suffolk, abounding with foffil 
fhells, the entire fkeleton of a whale was difcovered, 


* Le Pluche Spect, de la Nature, Dial. 25. | 
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the bones of which, when they became friable by 
expofure to the air, were employed by a farmer for 
the manuring of his land. Fragments of an elephant’s 
tooth were dug’from a orayel pit at the end of. 
Gray’s Inn ae at the depth of twelve feet. 
From thefe and other facts it feems probable at leaft, 
that this part of the world, before the flood, con- 
tained animals which now are very rarely found, a, 
aré totally incapable of exifting in fuch a climate. 
This confideration will lead us to conclude, that the 
deluge not only deftroyed the greater part of the 
ahimals then exifting, but produced a confiderable 
alteration in the paneeinen of the globe, and a 
permanent revolution in fome of the laws of nature, 
of which the change that took place in the length of 
human life is one frikine inftance. The earth, and 
almoft every part of it, is ftored with the remains of 
trees, plants, and fruits; of fith, teftaceous, cruftace- 
ous, and {quamous, and of other oceafional inhabi- 
tants of the waters. ‘The fpoils of land animals are 
alfo met with, but in much fmaller quantittes, which 
it is not difficult to account for, when we confider, 
that the waters of the fea occupy more than twice as’ 
much of the globe as the land, and that the waters 
are much more copioufly fupplied with animals of 
confiderable magnitude, than the land. Add to this, 
that the elaffes of corallines, lithophuta, and many 
of the teftaceous inds, are of a fubftance as hard as 
ftone, and of a much more durable | texture; whence 
it is not to be accounted a matter of furprize that 
they abound fo much in the earth inthe form of petri- 
factions. We are to recollect alfo, that the cataf 
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trophe of a deluge would foon corrupt, deftroy, 
and difperfe the parts of fuch living creatures as die 
in the waters; while the natives of the fea would 
ftrugele with the difficulties of an inundation, 
and the at laft depofited, perhaps alive, in the earth; 
when the fettlement of the ftrata took place, and 
the waters retreated, as it is evident that many of 
them actually were, from the poftures and circum= 
ftances in which they have been difcovered*. 


* See Jones’s Phyfiological Difquifitions: 
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Cuap. XL, 
-NAPHTA, PETROLEUM, BARBADOES TAR, &c. 


Nature and Properties of Naphta. A ae Fountains. ree 
leumm<Mineral Pitch, or Barbadoes Tar.—Lake Afphaltes, aets 
Alphalium ; hoz colle&edm—LElaftic ac —Component Prins 
ciples of thefe § cine 


{ Sochéfobtencesurect che bitanaiale kind, 

A and are, indeed, all of the fame nature, but 
differ in confiftence. Naphta is an oily fluid, which, 
in its greateft degree of purity, is nearly colourlefs, - 
‘Ts extremely volatile and fubtile, and fo light as to 
float even on fpirits of wine. It has a ftrong op- 
preffive fmell, and evaporates {pontaneoufly. 

Like other oils, it burns with fmoke. It is faid 
to be gathered at the furface of certain wells in 
Perfia, and is rarely found in Europe. 

The vapour of naphta, which iffues duals the 
crevices of the earth,. is. generally fuppofed to bé 
the caufe of the flame which is fometimes obferved 
on waters, fountains, &c. At Chittagon, in the 
Faft Indies, there is a fountain which burfts into 
flame of its own accord, whenever it has been ex- 
tinguifhed by accident; this fountain has its deity 
and its priefts; and fome Europeans, fufpecting the 
whole to be a pious fraud, pulled down the wall, — 
&c. but found that the vapour actually kindled. 
fpontancoufly Wie put out. It is poffible, how- 

every. 
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ever, that this flame may be fed by inflammable air 
inftead of naphta. | 

Petroleum, which is of a thicker confiftence, and 
more weighty than naphta, is much more common. 
It is of a yellow or brown colour, and is found in 
_ Switzerland, Sicily, Italy, and France. It iffues 
from the crevices of rocks, or is found floating on 
the furface of fprings. The different kinds of petro- 
lea, on diftillation, yield naphta, while a coaly refi- 
dauum remains in the retort. 

Barbadoes tar is of a thicker eihidathc than 
‘ petroleum, and is alfo called mineral pitch ; it was 
formerly found near Babylon, and conftituted, ac- 
cording to Vitruvius, when mixed with lime, the 
cement which was ufed in building the walls of that 
city. It is at prefent found in feveral parts of 
Furope and in America, where it drops, or diftils, 
gradually from rocks. 

‘Afphaltum is a fubftance much refembling Bar- 
‘badoes tar; it is alfo called Jews pitch, and any. 
thrown up in a liquid form from the bottom of the 
lake where Sodom and Gomorrah anciently ftood. 
From the production of this fubftance this was call- 
ed the Lake Afphaltcs, from a Greek word denot- 
ing bitumen. The bitumen floating on the furface 
ofthe water is hardened by the heat of the fun, ard 
is in that {tate cqllected by the Arabs on the fhore, 
where it is thrown. TI he eaftern afphaltum is fel- 
dom brought to Europe, but is ufed hog: the inha- 
bitants as pitch, 

All thefe thicker bitumens may be rendered 
thinner by diffillation, and may be converted into 
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an oily fluid, the tenuity of. which is increafed by 
the repetition of the procefs; at every diftillation 2 
quantity of charcoal, earthy matter, and syrgme 
acid gas, being feparated from them. __... 

In Odjervations ‘fur la Phyfique, for January 178 8, 
yol. xxxii, M. de la Metherie makes mention of a 
mineral elaftic bitumen dnalogous to the caout- 
chouc, or elaftic gum, and which is found in 
Derbythire. 

Te produétion of all thefe RES: is artribut- 
ed to. the action of fubterraneous fire on ftrata of 
pitcoal, by which the oily parts are feparated and 
fublimed in the fame, manner as by artificial heat. 

Bifhop Watfon mentions a curious experiment, 
which illuftrates the relation of thefe four bitumens 
to each other. The moft tranfparent oil of turpen- 
tine; refembling naphta,. may be changed into an 
oil refembling = petroleum, by mixing it with a fmall 
portion of eer acid ; with a larger proportion 
of the acid the mixture becomes black and tena- . 


~ cious like ‘Barbadoes tar, and the proportions. of 


the ir gredients i may be fo adjufted, that the mixture ~ 


will even acquire a folid conta Ge like afphal. 
tum, 


Chap. 41.] [oie 4 


CuHar., XU, 


JET, AMBER, AMBERGRIS, AND. 
MINERAL TALLOW. . 


General Birakerrias of ‘Fet.—lts peli and O/ Die — Aber 

Acid of Amber.—-Natural Hiftory of Amber.—Diffenent. Opi- 

- nions of its Origin.—Amber gti —lts Natural Hifory— 
Mineral T allow, 


ET is a very compaét bitumen, harder than af- 

phaltum, always black, and fufceptible of a good 
polifh. It is fo light as to. {wim on waters becomes 
electrical when atobeet and is called black amber. 
When. burned it emits a bituminous fmell. Jet 
‘feems nearly allied to coal, and particularly to that 
Species which is called cannel coal; it is diftinguifhed 
chiefly by, its ftruéture, being compofed of fibres 
‘parallel to each other like hoor wood. It feems 
in fact to be wood, which has been long buried in 
the earth, and penetrated by mineral fteam, fo as to 
-affume the appearance and folidity of coal. 

Amber is the fubftance known to the ancients 
under the name of electrum and fuccinum. In this 
fubftance the property, which certain bodies have, 3 
of attracting light fubftances, when rubbed, was firft 
obferved, ae was therefore called electricity. The 
moft valuable amber is perfectly tranfparent, of a 
pale yellow, and is much more efteemed when it, 
happens to contain any extraneous fubftance, fuch 
as-leaves, infects, &c.. When broken it prefents a 

| X 4 polifhed 


polifhed furface at the place of the fraéture.. Ams 
ber does not readily diffolve in any fluid we are yet 
acquainted with, \ Spirit of .wine has. fome {mall 
effect upon it, and from. this combination a tincture 
is produced, but the quantity, it diffolves is very 
fmall. .When applied to the flame ofa .candle it 
readily takes fire, and burns with a bright white 
flame and thick fmoke,.and leaves a confiderable - 
quantity of .charcoal. Amber.expofed to~ heat, 
without the action of flame, foftens and {wells yery 
confiderably. . Diftilled ina. retort by a heat gra- 
dually raifed, it affords. a watery. fluid ef a red co- 
lour, manifeftly acid ;.thisacid fpirit retains the 
ftrong fmell of amber; .an acid volatile fale after- 
wards. pafies over, ..which. cryftallizes in {mall 
white or yellowifh needles in the neck. of the retort. 
This falt is fucceeded by a white and light oil much: 
refembling naphta ; by continuance of. the. pro- 
cefs, and in proportion as the heat is increafed, the 
oily matter which comes over .is coloured and more: 
“wifcid, like petroleum. What remains at the bot~ 
tom of the retort isa black mafs ‘refembling afphal-. 
tum. It appears, therefore, from.diftillation, that: 
the analogy of amber with the other. bitumens is: 
very ftrong. - | 
A gentle heat is fontiens to Bik iy concrete 
volatile falt of amber, and care. mutt be taken to. 
‘regulate i it fo as not to for ce up the oil, when i it Is re- 
| quired to have the falt ina feparate ftate. This faline _ 
matter was for fome time fuppofed to bean alkaline 
‘falt, but has been pace found to be an acid of peculiar 


"properties, 
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o> and capable of combination with alka- 
ies, earths, and metallic calces. 

Amber is ufually dug out of the earth, and a- 
bounds particularly in the Pruffian dominions. Wood. 
is ufually found near it, and it is therefore believed 
to be of vegetable origin, Its analyfis feems to fhew, 
that it nbaitilts of an oll rendered concrete by cOm- 
bination with anacid. The moft tranfparent fpeci- 
mens are ufually found on the fea-fhore, particularly 
on the fhores of the Baltic, in Ducal Pruffia. Am- 
ber is not always of a yellow colour; it is fome- 
times brown, fometimes qnite opake, and fome- 
times black. Some have fuppofed that it is entirely 
of mineral origin, but this is difproved by its diftil- 
lation, and by the foreign bodies which are frequent- 
ly contained in it, and which feem to demonttrate 
that it was once ina fluid ftate. 

Hoffman and Newman fay, that it is found upon 
the fea-fhore, or upon the furface of waters, 
particularly after great ftarms, when it is collected 
By means of nets; but that the greater part of itis 
dug out of pits. The firft ftratum is fand, then 
clay, then a layer of branches and trunks of trees,’ 
then a confiderable quantity of pyrites, whence vi- 
triol is prepared, and laftly, a bed of fand, through’ 
which the amber is difperfed in {mall pieces, or col- 
lected together inheaps, This account greatly fa~ 
yours the idea of the vegetable origin of amber; 
but Wallerius afferts, that. the black’ and dark co- 
loured amber is often found in the bowels of ceta- 
ceous fifhes.. M, Girtanner has a peculiar opinion 
on this fubject ; he thinks that amber is a vegetable 
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‘oil ‘rendered concrete ‘by the acid of ants; it 4s 
that kind of ants called-formica’ rufa by ‘Linnaas, 

which prepares it, according to this author. ‘Thefe 
inte4ts dwell in old Reetoe of fir trees, where’ the 
foil amber is found; which; when fir dug, is duc- 
tile like wax, and be¢omes hard on expofiire to air. 

No infect 1s 2 commonly found’ in aid as th te 
ane T OE Sth darak wr eae 

> femberaris sof much the Tirte nature as amber, 
‘but differs Wont it by its particular confiftence, which 
nearly approaches to ‘that of bees wax. Its ftruc- 
‘cure is fometimes like bees wax, but fometimes i it 
‘is granulated, and’appeats opake, or of a dark grey. 

Experiments prove that it refémbles’ amber in its 
mature. When’ analyzed it is-found to confift of 
phlegm, a volatile acid partly fluid, oil, and a little 
coaly matter. It diffblves 1 more Seid a whdhtiy of 
wine than amber. ai 


It is moft common iy the Indian else on ‘the 


eaftern coaft of Africa, Madagafcar, &c. and is found 
eithér floating on the fea, ‘or caft on ‘the fea-fhore. 
Yn this fbftance animal and vegetable remains are 
formetimes found, as for ‘Hitanee, parts of birds, &e. 

The origin of this fubftance’is probably the fame 
with that. be ander. According to M. Aublet (in 
his [Bfetre de la Gish ) it ts Hoehne more than the 


juice: of a tree infpiffated by evaporation; and if this - 


is'true, it is a fubftance which belongs properly 


‘to the vegetable kingdom. “Pre tree which’ t is faid 


=- 


to produce’ it grows in Guiana, and is called cuma, 
but has not been examined by other botanitts. 
When a branch is broken by high winds, a large 


quantity — 
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quantity of the juice exudes; and if it chances to | 
have time to dry, various maffes (fome of which 
have been fo. large as to weigh one thoufand two 
- hundred pounds and more) are.carried into the rivers 
by heavy rains, and through them into the fea; after- 
wards they are either thrown on the fhore or eaten 
by fome fith, chiefly the fpermaceti whale, known 
by the name of phy/iter-macrocepbalus among ich- 
thyologifts. . This kind of whale is extremely vora- 
cious of this gum-refin, and fwallows fuch large 
quantities when it meets with it, that it generally 
becomes fick, fo that thofe employed im the 
fifhery of thefe whales always expect to find fome 
amber mixed with, the excrements and remains 
of other food in the. bowels of thofe whales 
which are lean. Various authors, among whom is 
Father Santes, in his Ethiopia Orientalis, who travel- 
led to various places on the African coaft, and 
Bomare, fay, that fome fpecies of birds are alfo fond 
of eating this fubftance, as well as whales and other 
fifhes. This accounts very well for the claws, beaks, 
bones, and feathers of birds, parts of vegetables, fhells, 
and bones of fifh, and particularly for the beaks of 
the cutile-fith, /epia offopedia, which are fometimes 
found inthe mafs of this fubftance. M. Aublet 
brought fpecimens of this, cum-refin, which he col- 
-Jeéted on the fpot, from the cuma tree at Guiana. 
It is of a whitifh brown colour, with a fhade of yel- 
low, and melts and burns like wax onthe fire. M. 
Rouelle examined very carefully this fubftance, 
brought over by M. Aublet, and found that it pro- 
duced exactly the fame refults as good amber. 
Thefe 
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Thefe obfervations feem to place it beyond a 


doubt, that both amber and ambergris are vegetable 


products, and that thofe who, from having found 


thefe fubftances in the inteftines of whales, conclud- 
ed that it was a faseal matter of thofe animals, were 
miftaken. 

_ Mineral tallow isa very peculiar fabftance. It was 
found on the coafts of Finland, in the year 1736. 
Its fpecific gravity is 0.770, whereas -that of tal- 
low is 0.969. It burns with a blue flame and a fmell 
of greafe, leaving a black vifcid matter, which is 
more dificultly confumed. It:is found in fome 
rocky parts of Perfia, but feems mixed with petro- 


Jeum.. Dr. Herman, of Strafburgh, mentions a 


§pring, in the neighbourhood of that city, which 


contains a Gbibxace of that nature diffufed through | 
jt, which feparates on ebullition, and may then be © 


collected, Thaio origin of this seaaieet: iS “Uns 
ROW. : 
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OF THE DIAMOND, CONSIDERED AS 
AN INFLAMMABLE SUBSTANCE. 


Experiments proving the inflammable Nature of the Diamond. — 
Experiments of M. Cadet.—Of D? Arcet.—Vital Air neceffiry 
to the Combuftion of the Diamond.— Experiments of Lawoifrer—— 

Further Experiments.—Conclufion from the whole, 3 


HE external appearance of this peculiar and ° 
: beautiful fubftance has been already deferi- 
_bed, but it is proper alfo to confider it in another — 
point of view, as from forhe extraordinary experi- 
merits many naturalifts are difpofed to include it in 
the clafs of inflammables. | 
It has long been underftood that diamonds, ex- 
pofed to a foh degree of heat, entirely difappear at 
the inftant that an appearance of combuftion is ob- 
ferved. M. Cadet expofed diamonds in covered 
and luted * crucibles to the violent heat.of a forge 
during two hours, by which the diamonds only 
loft one fixteenth part of their weight: he is of 
_-opinion, that the confumption of diamonds in open 
veffels is not a true volatilization, but merely an 
exfoliation occafioned by the expanfion of the air 
contained between the lamine of the diamond, 


* Luting is a kind of earthy cement ufed by. Sere and 
formed i in d ifferent Ways. 
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by which it is broken into portions fo minute as to 
efcape obfervation. M.Dj?Arcet oppofes to the 
above explanation, the efcape of the fubftance of 
the diamonds through the moft folid porcelain cru- 
cibles, and the luminous appearance noticed by 
Macquer, and which was afterwards obferved By — 
M. Roux to be an attual flame. It has, indeed, 
even been found, that diamonds inclofed in a 
bail of porcelain éarth, and expofed to heat, have 
been totally confumed; the fpace which the 
diamond occupied was found empty; no traces 
of it could be difcovered, and yet the ball of por- 
celain, which was hardened by the heat, was appa- 
rently entire. This experiment, according to Four- 
croy, has been frequently repeated with the fame » 
extraordinary refult. It is found, however, that if 
the diamond is embedded in charcoal, and carefully: 
inclofed in feveral crucibles placed within each othery 
and the whole covered with cement, it. does not 
difappear from expofure to a very violent heat; it 
is only rendered black at its furface, and when this 
cruft is taken off, tt appears in its original fplendor. 
- It is therefore concluded, that perfe& exclufion front 
vital air is fufficient to prevent the confumption of 
the diamond, as well as of all other mflammable 
fubftances ; and it is therefore neceflary to fuppofe, 
that the porcelain earth, in which other diamonds 
were inclofed, fuffered fome fmall feparation from, 
expofure to heat, which, though fo minute as to. 
efcape obfervation after the ball was cold, were yet 
fufficient to admit the air. This opinion has been 
irs confirmed by fome experiments of M. Lavot-— 
| fiery’ 
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fier, who found,| that diamonds are only con- 
fumed in proportion to the quantity of vital air to 
which they are expofed... He alfo-found, that the 
combuttion of the diamond was attended with the 
formation of=carbonic acid gas. - -Phis+difcovery 
may probably throw as much light on the nature 
of the diamond, as his other diicoveries have dif- 
fafed through almoft the whole extent of natural 

{cience. Some curious experiments on, the dia- 
mond are alfo detailed in the Annales de Chimie 
for November. 1791. A. piece of iron wire was 
faftened to the diamond. intended to. be burned, the 
iron was heated red hot, and in that ftate plunged 
into a jar‘of vital air; the iron rook fire, and com- 
municated the inflammation to the diamond; which 
burned in a moft vivid manner, and with uncom- 

mon brightnefs. . The Brazil diamonds, however, 
it is Hece Ghar to remark, could not be made to burn 

in this way. On the whole, there can be no doube 

that the diamond is truly an inflammable fubltance ;- 
but a repetition of thefe expenfive experiments is 

neceflary, in order accurately to afcertain its nature, 

and to reconcile fome differences in the refults of’. 
fuch experiments as have been already made. 
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CHAP. XLUI. 
THE STRUCTURE OF THE EARTH: 


The Curiofity of Man on this Topic limited by the Weakne/t of his 
Powers.—T he Body of the Earth difpofed in Strata Declivities of 
Mountains—Difpofition and Order of the Strata.—Caldy Tflanas 
—Where Metals are ufually found.—Pr obable State of the Earth 
at its Creation.~Lawis by wshich Alterations ewould be produced. 
slp offal Shells, (Fe. accounted for——Formation of Iftand:, 
&Fcx—Orher Irregularities of the Earth's Surface explained. 


‘AFTER the preceding furvey of the natural 

contents of this globe of earth, and of their 
component principles, the next object of attention 
is the earth itfelf, and the general arrangement of 
thofe fubftances of which it is compofed. Thefe 
are neither difpoled in a regular feries, according td. 
their fpecific gravities, nor yet thrown together in 
total diforder, as if by accident or chance. Human — 
induftry has hitherto been able to penetrate but a 
very little way into the bowels of the earth, and we 
can but know little of its interior parts. The 
depth of the earth, from the furface to the center, 
is more than four thoufand miles, and yet the deep- 
eft mine in Europe, that at Cotteberg,; in Hungarys 
is not more than one thoufand yards deep ; ‘ the 
greateft depth, therefore,” fays an excellent writer, 
« to which avarice has ever yet penetrated, may be 
compared to the puncture made in the body of arm 
elephant by the probofcis of a gnat.” 


From 
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From what has been difcovered, however, of 
thofe parts which lie moft contiguous to our obfer-_ 
vation, naturalifts »have compart the ftructure of 
the earth to the leaves of a book, or the coats of 
an onion. Except,. fadeed, U An fome-of thofe’ im- 
menfe mountains, which have exifted from the crea- 
‘tion, or at leaft ftom the ‘deluge, ‘where thé mat- 
ter; from whatever caufe, Ts more “homogeneous, 
the earth is found to confit. of various {trata, or 
layers, which. differ according to. the circumftances 
of climate and fituation.»» The furface; in general, 
evidently confifts of a confufed mixture of decayed 
animal and vegetable fubftances and earths rudely 
united together; but when we have penetrated 
below the furface, we find the materials of the globe 
arranged in a more regular manner. Sometimes, in- 
deed, we find heaps of ‘tote, which do not confift of 
layers, but are confufed maffes of unequal thicknefs, 
and are called rocks, The ftrata are, in general, 
extended through a whole country, and, perhaps, 
with fome interruptions and varieties, through the 
slobe itfelf. Thefe extenfive bodies are found moft 
Feoular when the country is flat, being, in that cafe, 
nearly parallel to the horizon, though frequently dip- 
ping downwards in a certain angle; in many places 
the beds have a wave, as where the country confifts 
of gently waving hills and vales ; here too they ges 
nerally dip. In travelling a mile we, perhaps, pafs 
through ground compofed moftly of fand; in ano« 
ther mile we find it, perhaps, compofed of clay; 
and this is occafioned by the edges of the different 
ftrata lyme with ah obliquity to the horizon. By 
eX ee. It. ; > the 
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the fame kind of proje€tion mountains, or ridges of 
mountains, are produced, which, in general, have 
what is called a back and a face, the: fieee fmoothéer 
and the latter more rugged. We generally fiid too, 
on one fide of a mountain, a more gradual afcent’ 
than on the other, which is occafioned by the ftrata; 
which have rifén above the general level 6f the 
country being abruptly Broken | off. Moantaimal 
are in general more abrupt towards the weft, and 
have a more gentle declivity towards the eaft; 
hence the weftern coaft of countries is almoft als 
ways fteeper than the eaftern. The back of a moun- 
tain fhews the obliquity with which the ftrata fink 
into the ground ; the abrupt edge of the ftrata be+ 
comes more floping, as time, producing a eradual 
decay, draws the rubbith from above. Where the 
face of a country is fo irregular, its appearance dée- 
pends on the” different hardnefs or foftnefs of the 
ftrata. The abrupt rocks, which we obferve in- 
many parts, {eem to have been compofed of an‘ ad- . 
ventitious mixture of different ftrata, whieh have 
refitted the injuries of time with unequal force. 
. Between the ftrara, layers of different clays are 
interpofed, which are called by the miners way- 
boards; they are feldorn moré than four or five, and 
in ferne inftances not more than one foot thick; 
they ferve to mark and diftinguifh the different 
ftrata, for in fact the ftrata are themfelves com~ 
pofed of different laming *, 


Raf Ki 


* Whitehurt, Chap. XV’ 
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Every part of a ftratum may be’ confidered as 

equally thick when covered with an incumbent bed; 
but when expofed to the action of the air, and other 
external agents, 4 great part of it, whether grit, lime- 
ftone, or toad-ftone, is decompofed and converted 
into earth or mould. Immediately under the foil 
the fragments of ftone are fmall, and gradually in- 
creafe'to the depth of fifteen or twenty feet, where 
it Commonly appears folid, and fit for the mafon. 
Strata are ufually interrupted by clefts or fiffures at 
different diftances, which feem ‘to have ‘been the 
‘effects of Violence. In thefe fiffures igs the” ores 

of ‘metals are to be found. bet 
It has been rémarked, that we cannot, by dip ecing 
into the earth, obtain a view . of ‘the ‘pofition and 
nature ofthe ftrata for more than fome few hun- 
dreds ‘of ‘yards. » There: is, however, one curious 
inftance of an ifland, near the coaft of Permbroke- 
fhire, ‘called Caldy IfMand, where the-earth fuffered 
the ation of fo unufual a difruption, that the ftrata, 
of which the whole ifland is compofed, are placed in 
a vertical pofition, fo that their edges are all expofed 
to view, and they may be obferved in fucceffion 
from one end ofthe ifland to the other. Here then 
we have: the fingular opportunity of obferving in 
what order they were originally placed, to the depth: 
of two miles. At one end of the ifland they are 
not'more than afoot thick, but increafe, as we pro- 
ceed, till they terminate in. a ftratum’ of réd ftone, 
more than a mile in thicknefs, which; with good 
reafon, is fuppofed to have’ been the loweft of them 
all before they were elevated and thrown upon their 
Bae) edges. 
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edges. The thinner ftrata, which were originally 
uppermoft, have foffil fhells and corallines in them ;: 
but [have not heard that any thing like the traces of — 
Java are to be found to countenance the fuppofition, 
that this fingular accident was occafioned byt the? 
explofive force of a volcano. | 
The order of the ftrata in Derbyfhire is as Fallen 

r. Millftone-grit, a coarfe fand-{tone compofed of. 
granulated quartz and quartz pebbles. | 2. Shale or 
fhiver, or black laminated clay, much indurated.’ 
3. Lime-ftone, in various Jaminz. 4. Toad-ftone, a. 
black porous fubftance, hard, refembling {coriz, and 
apparently a volcanic production. | 5. Lime-ftone. 
6. Toad-ftone. 7. Lime-ftone.. -8. Toad-ftone. 
g. Lime-ftone again. Such (the toad-ftone except~’ 
ed) appears, to be the general order in which the: 
{trata appear through the different regions of'the 
earth, or at leaft wherever the lime-{tone predomi-" 
nates, whichisin a confiderable: proportion, though: 
it muft -be remarked: that the largeft mountains are: 
chiefly granite. Wherever; shin reiihabie the firft of. 
thefe {trata appears on the furface, the fecond lies 
certainly. under it, the thirdsunder the fecond, cc. 
{till excepting the toad-ftone, which, being a volea- 
nic production, may be fuppofed to bate in) rT 
meafure cafually interpofed.: | 9 
. The toad-ftone interfects all the iinet veins, at 
cuts off all communication between the upper and 
lower parts of the fiffures, being continued horizon- 
tally in one uninterrupted mafs. ‘Toad-ftone is of an 
extremely hard and clofe‘texture, fo much fo as even, 
ro prevent water from, filtering through it, at leaft in 
3 any 
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any quantity. Itis perfectly fimilar to Iceland lava 
in appearance, and in being unaffailable by acids. 
It has no fiffures, and frequently fills up the fiffures 
of the other ftrata; in fine, it being not univerfal, 
but only. an occafional appearance, there is the ut- 
moft probability that itis a fpecies of lava. It being, 
inferted between the other ftratafeems alfo to afford 
a proof, that it originally flowed from a volcano, 
the funnel or fhaft of which did not approach 
the open air, but difcharged its fiery contents be- 
tween the ftrata in all directions. When the toad- 
ftone is-dug through, however, and the vein or 
fiffure purfued, the miner is never difappo:nted in 
meeting it again, as foon as he arrives at the ftra- 
tum of lime-ftone *. | 

The {trata of coal, argillaceous ftones, clay, ze 
are always incumbent on the ftrata of grit, fhale, 
and lime-ftone. The former are feldom in ftrata of 
above twenty feet thick, and generally not more 
than four or five; the.latter dre in {trata of from 
fifty to one hundred and fifty feet in thicknefs or 
depth f. 

All beds of gravel are fuppofed to have been de- 
pofited either by rivers or by the action of the fea, 
and the ftones that eompofe them to have been 
rounded by attrition. It is no inconfiderable proof 
in favour of fuch a conjecture, that fea fhells, &c. 
are fo frequently oe gravel. 

The argillaceous {trata are only productive of 
iron and coal. The ores of copper, lead, zinc, &c. 


, * Whitehurf, Chap. XVI. + Ib, 
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are confined entirely to the lime-ftone firata, a few 
inftances excepted, where they are found in hale. 
The difpofition of the fuperficial ftrata, however, 


differs in mountainous and champaign countries.’ 


©Tn a well'which was dug at Amfterdam, to the 
depth of two hundred and thirty feet, the following. 
fubftances’ were found in -fucceffion’ + feven féet 
of vegetable earth, nine of turf, nine of foft clay, 
eight of fand, four of earth, ten of clay, four of 
earth, ten of fand, two of clay, four of white fand, 
one of foft earth, fourteen of fand, eight of clay 
- mixed with fand, four of fea-fand mixed: with fhelis, 
then an hundred and two feet of foft clay, and then 
thirty-one feet of fand. 

‘In a well dug at Marly, to the depth of an 
hundred feet, M. Buffon gives us a {till more exact 


enumeration of its layers of earth. ‘Thirteen feet of | 


a reddifh gravel, two of gravel mingled witha vitri- 
fiable fand, three of mud or flime, two of marle, 
four of marly ftone, five of marle in duft mixed 
with vitrifiable fand, fix of . very. fine. vitrifiable 
fand, three of earthy marle, three of hard marle, 
one of gravel, one of: eglantine, a ftone of the 
hardnefs and grain of marble, one of gravelly 


marle, one of ftony marle, one of a coarfer kind. 


of ftony marle, two of a coarfer kind ftill, one of 


vitrifiable fand mixed with foffil thells, two of fine | 
gravel, three of ftony marle, one of coarfe powder- | 


ed marie, one of ftone, calcinable like marble, 
three of grey fand, two of white. fand, one of red 


fand ftreaked with white, pei of grey fand with, 


* Varenius, as quoted by M. Buffon, p: 358. ta 
fhells, 
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fhells, three of very fine fand, three of a hard grey 
{tone, four of red fard ftreaked with white, three 
of white fand, and fifteen of reddifh vitrifiable 
fand.’ | : 
The direction too in which the ftrata are found © 
is alfo exceedingly different in different fituations, 
‘When the continuity,’ fays Mr. Jones, ‘ of the ftrata 
is interrupted by a fraG@ture, the ftrata are thrown 
out of that horizontal pofition which is natural to 
them, and make an angle with the horizon; which 
may be called the angle of their elevation or de- 
preffion; the miners call it their dig. In this cafe, 
if the fucceffion of {trata is accurately noted on one 
fide of the fra€ture, where a vein of coal or metal 
is found amongft them, it may thence be learned 
where the fame vein will occur again on the other 
fide of the fracture; becaufe it will be found adja- 
cent to the fame ftrata as before. When the edges 
of the ftrata, on each fide a fiffure, are thus parted 
and mifmatched, they are faid to ¢rap; and the 
fpace between them is filled up with rubble, or 
ftones, or minerals, &cc. Sometimes thefe fiffures 
are the richeft parts of the foil, containing fuch 
matters as are not to be found elfewhere *, In 


fig. 


-* Some of the fiffures in Cornwall are near twenty feet 
over, and commonly full, or near it, of metallic and mineral 
matter. The fiffures at the greateft depth are generally largefts 
as we afcend they become.gradually lefs, but more frequent 
and numerous: infomuch that if the globe was divided in two, 
and the ftrata viewed upon the face of the feGtion, the figures 
would appear after the manner of a tree: at the bottom a large 
trunk, which higher up is divided into branches, which break 
bey intu 
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fig. I. plate I. F. reprefents the fiffure, by which 
the ftrata are parted, and which is filled ‘up with 
-extraneous rubbifh, cdrried in after the ftrata 
were parted. The black vein of coal on 
the left fide is found with five other ftrata 
-above it; but being interrupted by the fiffure F. 
where it comes out to the day, the ftratum of fand, 
No. 4, on the right fide, on account of the trapping, 
is found oppofite to it: thence it is to be collected, 
that the fourth ftratum below that fand will be coal ; 
and when the angle of the dip is obferved, it may 
be known where to fink a pit, and where the coal will 
again appear to the day; provided the figure of the 
furface of the ground will permit it to fhewsitfelf. 
When I was once at the bottom of a lead mine in - 
Derbythire, a miner informed me, that the veins 
-of the metal always make a greater angle with the 
horizon than the fides of the mountain do, in which 
they are found and come out to the day. ; which was 
probably occafioned by the defcent of the waters 
of the flood, tearing away much of the matter 
_ from the fummit, and lodging it upon the fides and 

in the vallies beneath, after the ftrata had received 

their inclination.’ 


into leffer, and at the top intotwigs. But the branches are 
not continued in a ftrait line: they ftart afrefh, at fome little 
diftance on one fide, as in fig. 2. that by an intervening 
boundary the metallic matter might be detained in its de- 
fcent, and prevented from finking away to the bottom of the 
earth. See Mr. Hutchinfon’s Obfervations in the year 1706, 


P+ 316, 317. 
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With refpeét to the more internal parts of the 
earth, for the reafons affigned in the beginning of 
this chapter, nothing can be advanced ae ca 
and hypothefes cannot be relied on. 

By fome it has been fuppofed, that the center of 
the earth confifts of fire. Mr. Kirwan, however, 
has fatisfactorily proved, that the notion of a cen- 
tral fire or heat is void of foundation. Since no 
authentic obfervation affures us, that this heat in- 
creafes in proportion as we penetrate below the fur- 
face of the earth; on the contrary, many experi- 
ments ferve to evince, that it rather decreafes 
(though never to lefs than thirty-fix degrees) and 
that its variation at the fame diftance below the fur- 
face conftantly bears a proportion with the variation 
of the folar heat at the furface. 

The more general opinion is, that the ftrata ori- 
ginally lay horizontally, and were formed by a depo- 
fition from water. The arguments for this opinion 
are forcible. The relics of a variety of fubftances, 
which we now find only in the fea, are found in 
‘rocks and mountains, at a very great diftance from 
it. In ftrata of lime-ftone, every where diftant from 
the fea, we find the remains of fhells, &c. the pro- 
duétions of the ocean. Other circumftances prove, 
that the fea has covered parts of the earth, which 
are now ata great diftance from it, and that the vari- 
ous directions which the ftrata now have were not 
their direétion at their firitformation. That the frame 
of this earth has undergone fome violent concuffion is 
evident, as was already ftated, from the traces which 
ftill remain. ‘The ftrata we have feen are often broken 

12 
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in different direCtions, in general perpendicularly ; fo 
that the parts of the ftrata are feparated from each 
other. The width of thefe rents is different, fome- 
times a few inches, fometimes many yards. ‘They 
are very commonly filled up with fubftances diffe- 
rent from the compofition of the ftrata. In moun- 
tains there is fometimes obferved the appearance of 
-a white ftone, which paffes through it hke a vein. 
This has been a rent filled up with a particular kind 
of ftone, Thefe are very common in the ftrata of 
coal. They are generally of confiderable hardnefs, 
and in them metallic fubftances are ufually found. 
When any of thefe are not filled up with extraneous 
matter, the internal furface is fet with very beau- 
tiful and reoular cryftals of the. {parry kind, a 
jeCting into the cavity. 

Some have attributed thefe inrepularities to pan 
quent earthquakes; others have imagined that the 
globe, before the deluge, contained an immenfe 
body of water, covered over with a cruft of earth, 
which at the deluge was broken through, and partly. 
funk in the waters, the elevated aie forming 1 the 
mountains and high lands, while he lower were 
overflowed by the ocean; others have fuppofed, 
that the near approach of a comet ‘has thrown the 
‘materials of the globe into confufion.~ Buffon ima- 
gines, that the fea is continually changing its bed, 
and is conftantly wafhing away the ground from one 
place to another *, But the arguments and-obfer- 


X 


ied | vations 


or A fhort fketch of the moft remarkable thal of the 
earth is given by a popular writer, and it may be amafing 
: 5 Mey. 19) 
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vations of _Mr. Whitehurft are more deferv- 
ing attention, fince he is almoft the only writer 


on 


to fome readers to trace thefe’yagaries of the human imagi- | 
nation. : 

‘ The firft who formed this amufement of earth-making into 
fyftem was the celebrated Thomas, Burnet, a. man of polite 
learning and rapid imagination. His Sacred Theory, as he calls 
jt, defcribing the changes which the earth has undergone, or 
fhall hereafter undergo, is well known for the warmth with 
which it is imagined, and the weaknefs with which it is reafon. . 
ed, for the elegance of its ftyle, and the meannefs of its philos 
fophy. The earth, fays he, before thé deluge, was very diffe- 
rently formed from what it is at prefent: it was at firft a fluid 
mafs; a chaos compofed of various fubftances, differing both 
in denfity and figure: thofe which were moft heavy funk to the 
center, and formed in the middle of our globe an hard folid 
body; thofe of a lighter nature remained next; and the waters, 
which were lighter ftill, {wam upon its furface, and covered the 
earth on every fide, The air, and all thofe fluids which were 
lighter than water, floated upon this alfo; and in the fame man- 
ner encompafied the globe; fo that between the furrounding 
body of waters, and the circumambient air, there was formed a 
coat of oil, and other unctuous fubftances, lighter than water, 
However, as the air was ftill extremely impure, and muf have 
carried up with it many of thofe earthy particles with which it 
once was intimately blended, it foon began to defecate, and to 
depofe thefe particles upon the oily furface already mentioned, 
which foon uniting, the earth and oil formed that cruft, which 
foon became an habitable furface, giving life to vegetation, and 
dwelling to animals. : 

« This imaginary antideluvian abode was very different from 
what we fee it at prefent. The earth was light and rich; and 
formed of a fubftance entirely adapted to the feeble ftate of 
incipient vegetation: it was an uniform plain, every where co- 
vered with verdure; without mountains, without feas, or the 
fmalleft inequalities. It had no difference of feafons, for its 
equator was in the plain of the ecliptic, or, in other words, 

¢ . ’ it 
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on this fubject, wid. has united aio ith 
esi . shomilgeus 
| With 


it tarned dire€tly oppofite to the fun, fo‘that it enjoyed one 
perpetual and luxuriant {pring. However, this delightful 
face of nature did not long continue in the fame ftate, for, after 
atime, it began to crack and open in fiffures: a circumftance 
which always fucceeds when the fun exhales the moifture from 
rich or marfhy fituations. The crimes of mankind had been 
for fome time preparing to draw down the wrath of Heaven; 
and they, at length, induced the Deity to defer repairing thefe 
breaches in nature. ‘Thus the chafms of the earth every day 
became wider, and, at length, they penetrated to the’ great 
aby{s of waters; and the whole earth, in a:manner, fell in. 
Yhen enfued a total diforder in the uniform beauty of the firft 
creation, the terrene furface of the globe being broken down: | 
as it fank the waters gufhed out in its place; the deluge be- 
came univerfal; all mankind, except eight perfons, were de- 
flroyed, and their pofterity condemned ‘to toil spon the ruins 
of defolated nature. | 
«Jt only remains to mention me manner im whith he relieves 
the earth from this univérfal wreck, which would feem to be as 
difficult as even its firft formation. \“ Thefe great mafles of 
earth falling into the abyis, drew down with them vaft quan- 
zittes alfo of air; and by dafhing againit each other, and break-- 
ing into {mall parts by the repeated violence of the fhock, they, 
at length, left between them large cavities filled with nothing 
but air. Thefe cavities naturally offered a bed to receive the 
influent waters; and in proportion as they filled, the face of the 
earth became once more vifible. ‘The higher parts of its bro- 
ken furface, now become the tops of mountains, were the firft 
that appeared; the plains foon after came forward, and, at 
length, the whole globe was delivered from the waters, except 
the places in the loweft fituations ; fo that the ocean and the 
feas are flill’a part of the ancient abyfs that have not had a 
place to return to. Iflands and rocks are fragments of the earth’s- 
former craft; kingdoms and. continents are larger maffes of 
dis broken fubfante; and. all the inequalities: that are to be 
| found 
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With refpect to the form of the earth,: it is. now 
{carcely necellary to mention, that it is nearly. 
round ; 


found on the furface of the prefent earth, are owing to the. 
accidental confufion into which both earth and waters were 
then thrown.” 

« The next theorift was Woodward, who, in his Effay to- 
wards a Natural Hiftory of the Earth, which was only defigned 
to precede a greater work, has endeavoured to give a more : 
rational account of its appearances; and was, in fact, much_ 

etter furnifhed for fuch an undertaking than any of his prede- : 
_ceffors, being one of the moft affiduous naturaliits of his time, 
His little book, therefore, contains many important fadts, 
relative to natural hiftory, ee his fyftem may be weak 
and groundlefs. ._ | 

«He begins by afferting that all terrene fubftances are Siiaoiad 
‘in beds of various natures, lying horizontally one over the other, 
 fomewhat like the coats of an onion; that they are replete with 
fhells, and other productions of the fea: thefe fhells being 
found in the deepeft cavities, and.on the tops of the higheit 
mountains. From thefe obfervations, which are warranted by 
experience, he proceeds to obferve, that thefe fhells and extra- 
neous foffils are not productions of the earth, but are all actual 
remains of thofe animals which they are known to refemble; 
that all the beds of the earth lie under each other, in the order 
of their fpecific gravity; and that they are difpofed as if they 
had been left there by fubfiding waters. All thefe affertions he 
affirms with much earneftnefs, although daily experience con-° 
tradiéts him in fome of them; particularly we find layers of 
ftone often over the lighteft foils, and the fofteft earth under 
the hardeft bodies.- However, having taken it for granted;. 
that all the layers of the earth are found in the order of their. 
fpecific gravity, the lighteft at the top, and the heavieft next 
the center, he confequently afferts, and it will not improbably . 
follow, that all the f{ubftances of which the earth is compofed 
were once in an aétual ftate of diffolution. ‘This univerfal dif 
folution he takes to have happened at the time of the flood.. 
He fuppofes that at that time a body of water, which was then 
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round; a circumftance, however, which, though now 
fo univerfally known, remained undifcovered for 
; ‘many 


in the center of the earth, uniting with that which was found 
on the furface, fo far feparated the terrene parts as to mix all 
together in one fluid mafs; the contents of whieh afterwards 
finking according to their refpective gravities, produced thé 
prefent appearances of the earth. Being aware, however, 
of an objection that foffil fubftances are not found diffolved, he 
exempts them from this univerfal diffolution, and, for that pur- 
pofe, endeavours to fhew that the parts of animals havea ftronger 
cohefion than thofe of minerals; and that, while even the hard- 
eft rocks may be diffolved, bones ane one may ftill continue 

entire. 
¢ So much for Woodward; but of all the fyftems wie were 
“publifhed refpecting the earth’s formation, that of Whilton. 
was moft applauded, and moft oppofed. Nor need we wonder} 
for being fupported with all the parade of deep calculation; it 
awed the ignorant, and produced the approbation of fuch as- 
would be thought otherwife, as it implied a knowledge of ab- 
ftrufe learning, to be even thought capable of comprehending 
what the writer aimed at. In fact, it is not eafy to diveft this 
theory of its mathematical parb; but thofe who have had leifure, 
have found the refult of our philofopher’s reafoning to be thus: 
He fuppofes the earth to have been originally a comet; and he 
confiders the hiflory of the creation, as given us in ‘fcripture; 
to have its commencement juft when it was, by ‘the hand of the 
Creator, more regularly placed as a planet in’ our folar fyflem. 
Before that time, lie fuppofes it to have been a globe" without 
beauty ot proportion; a world in diforder ;' fubjeé to all the’: 
viciflitudes which comets endure; fome of which have been 
found, at different times, a thoattindl times hotter than melted i iron; ;* 
at others, a thoufand times colder than ice. Thefe alternations of 
héat and cold, continually melting and freezing’ the furface of 
the earth, he fuppofes to have produced, to a certain depth, 
a chaos entirely refembling that deferibed by the poets, fur- 
rounding the folid contents of the ae which fill continued 
“unti anged 
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many thoufand "years. That its form js {pherical, 
was firit conjectured fromthe curved line which 
bounds 


unchanged in the midft, making a great burning globe of more 
than two thoufand leagues in: diameter. This {furrounding 
chaos, however, was far from being folid: he refembles it toa 
denfe though fluid atmofphere, compofed of fubftances mingled, 
agitated, ‘and fhocked againft each other; and in this diforder 
he defcribes the earth to ive been juft at the eve of creation. 

« But upon its orbit’s being then changed, when it was more 
regularly wheeled round the fun, every thing took its proper 
place ; every part of the furrounding fluid then fell into a fitua- 
tion, in proportion as it was light or heavy. ‘The middle, or 
central ae which always remained unchanged, ftill continued 
fo, retaining a part of that heat which it received in its prima- 
val approaches towards the fun; which heat, he calculates, 
may continue for about fix thoufand years. Next to this fell 
the heavier parts of the chaotic atmofphere, which ferve to 
fuftain the lighter: but as in defcending they could not entirely 
be lpparaick. from many watery parts, with which they were 
intimately mixed, they drew down a part of thefe alfo with 
them;. and thefe could not mount again after the furface of the 
earth was confolidated: they, therefore, furrounded the heavy 
firft defcending parts, in,the fame manner as thefe furround 
the central globe. Thus the entire body of the earth is com- 
pofed internally of agreat burning globe: next which is placed 
an heavy terrene fubftance, that encomipafles it; round which 
alfo is circumfufed a body of waters Upon this body of water, 
the cruft of earth on which we inhabit is placed: fo that, ac- 
_ cording to him, the globe is compofed of a number of coats, 
or fhells, one within the other, all of diferent denfities. The 

body of the earth being thus formed, the air, which is the 
lighteft fubftance of all, furrounded its furface; and the 
beams of the fun darting through, produced that light which, 
we are told, firft obeyed the Creator’s command. 

‘The whole ceconomy of the creation being thus adjufted, 
it only remained to account for the rifings and depreffions on 
the furface of the earth, ‘with ‘the other debiia irregularities 

of 
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hounds the earth’s fhadow in lunar eclipfes... We 
have ¢ a ftill plainer proof.of its rotundity, from the 
- appearance 


of its. prefent appearance. ‘The hills and vallies are-eonfider-_ 
ed by him as formed by their prefling upon the internal fluid, 
which fuftains the outward fhell of earth, with greater or lefs 
weight: thofe parts of the earth which are heavieit, fink into 
the fubjacent fluid more deeply, and become vallies : thofe that 
are lighteft, rife higher upon the’ earth’s {urface, and are called 
mountains. 

_ © Such was the face of nature before the deluge ; the earth 
was then more. fertile and populous than it is at prefent; the 
life of man and animals were extended to ten tithes its prefent 
duration ; and all thefe advantages arofe from the fapérior heat 
of the central globe, which ever fince has been cooling.’ As its 
heat was then in full power, the genial principle was alfo much 
greater than at prefent; vegetation and animal increale were 
carried on with more vigour; and all nature feemed teeming 
with the feeds of life. But thefe phyfical advantages ¥ were only 
produétive of moral evil; the warmth which invigorated | ‘the ; 
body encreafed the paffions and appetites of the mind ; and, as 
man became more powerful, he grew lefs innocent. It was ‘found 
neceflary to punifh this depravity ; and all living créatures were 
overwhelmed by the deluge 1 in univerfal deftrudtion, 

afcribe to a miracle, phytofophers have been fon Mae to 
account for by natural caufes: they have proved that 
the earth could never fupply from any refervoir towards its 
center, nor the atmofphere by any difcharge from aboye, fuch 
a quantity of water as would cover the furface of the globe to 
a certain depth over the tops of our higheft mountains. Where, 
therefore, was all this water to be found? Whifton has found 
enough, and more than a fufficiency, in the tail of a comet ; 
for he feems to allot comets a very active part in the great ope-" 
rations of nature. 

-¢ He calculates with great feeming precifion, the year, the 
month, and the day of the week on which this comet (which. 
has paid the earth fome vifits fince, though, at a kinder diftance) 

4 ‘involved: 
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but ftill more remarkably on that of the fea. As 
: we 


Involved our globe in its tail. ‘The tail he fuppofed to be a 
vapourous fluid fubftance, exhaled from the body of the comet, 
by the extreme heat of the fun, and increafing 1 in proportion 
as it approached that great luminary. It was in this that our 
globe was involved at the time of the deluge; and, as the earth 
ftill acted by its natural attraction, it drew to itfelf all the watery 
vapours which were in the comet’s tail; and the internal wa- 
ters being alfo at the fame time lét loofe, in a very fhort {pace 
the tops of the highef mountains were laid under the deep. 

The punifhment of the deluge being thus completed, and all 
the guilty deftroyed, the earth, which had been broken by the 
eruption of the internal waters, was alfo enlarged by it; fo that 
upon the comet’s recefs, there was found room fufficient in the 
internal abyf{s for the recefs of the fuperfluous waters; whither 
they all retired, and left the earth uncovered, but in fome re- 
fpe&ts changed, particularly i in its figure, which, from being 
round, was nev become oblate. In this univerfal wreck of 
nature Noah furvived, by a variety of happy caufes, to re- 
people the earth, and to give birth to a race of men flow in be- 
lieving ill-imagined theories of the earth. 

_ After fo many theories of the earth, which had been pub- 
‘lithed, applauded, anfwered, and forgotten, M. Buffon ven- 
tured toadd one more to the number. ‘This philofopher was 
in every refpect better qualified than any of his predeceffors for 
fuch an attempt, being furnifhed with more materials, having 
ba brighter imagination to find new proofs, and a better ftyle to 

cloath them in. However, if one fo ill qualified as I am 'may 
judge, this feems the weakeft part of his admirable work; 
and I could wifh that he had been content with giving us faéts 
inftead of fyftems; that, inftéad of being a reafoner, he had 
contented himfelf with being merely an hiftorian. 

He begins his fyftem by making a diftin&tion between the 
firft part of it and the laft ; the one being founded only on con- 
jeture, the other depending entirely upon actual obfervation. 

You. aI.” : “a The 
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we depart from objeéts on the ocean, they feem to 
fubfidé gradually below the vifible horizon. Ships 
; at 


The latter part of his theory may, therefore, be true, though 
the former fhould be found erroneous. 

The planets, fays he, and the earth among the numbers 
might have been formerly (he only offers this as conjecture) 
a part of the body of the fun, and adherent to its fubftance, 
In this fituation, a comet falling in upon that great body might 
have given it fucha fhock, and fo fhaken its whole frame, that 
fome of its particles might have been driven off like ftreaming 
fparkles from red hot iron; and each of thefe ftreams of fire, 
{mall as they were in comparifon of the fun, might have been 
large enough to have made an earth as great, nay many times 
greater than ours. So that in this manner the planets, together 
with the globe which we inhabit, might have been driven off 
from the body of the fun by an impulfive force: in this manner 
alfo they would continue to recede from it for ever, were they 
not drawn back: by its fuperior power of attraction; and thus, ' 
by the combination of the two motions, they are wupels? y 
round in circles. 

Being in this manner detached at a diftance from thie body 
of the fun, the planets, from having been at ~firft globes of 
liguid fire, gradually became cool. ‘The earth alfo having 
been impelled obliquely forward, received a rotatory motion. 
upon its axis at the very inftant of its formation; and this motion 
being greateft at the equator, the parts there acting againft the 
force of gravity, they muft have Hees out, and given the 
_ earth an oblate or flatted figure. 

As to its internal Pibianth, our globe having once belonged 
to the fun, it continues to . an uniform mafs of melted 
matter, very probably vitrified in its primeval fufion. But its 
furface is very differently compofed, Having been in the be. 
ginning heated toa degree equal to, if not greater, than what 
comets are found to fuftain, like them it had an atmofphere of 
vapours floating round it, and which, cooling by degrees, con- 
denfed and fubfided upon its furface. ‘Thefe vapours formed, 
according to their different denfities, the earth, the water, and - 

. the 


Chap. 43.] Earth diniiifivibed: | 339 - 


at a diftance on the water are not vifible in their 
hulls; at a greater diftance, their mainfails difap- 


pear; 


» the air; the heavier parts falling firft, and the Hebjer remain- 
ing ftill fufpended. 

Thus far our philofopher’ is, at leaft, as much a fyftem- 
maker as Whifton or Burnet; and, indeed, he fights his way 
with great perfeverance and 1 ingenuity through a thoufand ob- 
jeGtions that naturally: arife. Having, at laft, got upon the 
earth, he fuppofes himfelf on firmer ground, and goes forward 
With greater fecurity. Turning his attention to the prefent ap- 
pearance of things upon this globe, he pronounces from the 
view that the whole earth was at firft under water. This water 
he fuppofes to have been the lighter parts of its former evapo- 
ration, which, while the earthy particles funk downwards by 
their natural gravity, Hoated on the furface, and covered it for 
a confiderable {pace of time. 

« The furface of the earth,’’ fays he *, “ muft have been 
in the beginning much lefs folid than it is at prefent; and, con-- 

- fequently, the fame caufes, which at this day produce but very 
flight changes, muft then, upon fo complying a fubftance, have 
had very confiderable effetts. We have no reafon to doubt but 
that it was then covered with the waters of the fea; and that 

_ thofe waters were above the tops of our higheft mountains, fince, 
even in fuch elevated fituations, we find fhells and other marine 
productions in very great abundance. It appears alfo that the 
fea continued for a confiderable time upon the face of the 
earth: for as thefe layers of fhells are found fo very frequent 
at fuch great depths, and in fuch prodigious quantities, it feems 
impoflible for fuch numbers to have been fupported all alive at 
onetime; fo that they muft have been brought there by fuc- 
ceflive depofitions. ‘Thefe fhells alfo are found in the bodies 
of the hardeft rocks, where they could not have been depofited 
all at once, at the time of the deluge, or at any fuch inftant 
revolution; fince that would be to fuppofe, that all the rocks in 
which they are found were, at that inftant, in a ftate of diffo- 

al 
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pear; and at a greater ftill, their topfails; which 
could not be, if they failedona plain. But that the 
earth is really globular was at length practically — 
demonttrated by the adventurous project of failing 
round it, which has feveral times been effected. — 

This fact being premifed, let us confider in what 

manner the tants laws of nature were likely to 
act upon. a mafs of materials fuch as enter into, the. 
compofition of this globe. 


The firft principle of the law of gravitation Iss 
that the conftituent particles of all bodies attract each 


lution, which would be abfurd to affert. The on aces, 
depofited them where ever they are now to be found, and that 
by flow and fucceflive degrees. 

«Tt will appear, alfo, that the fea covered the whole sas4h) 
from the appearance of its layers, which fing regularly one 
above the other, feem all-to refemble the fediment formed at \ 
different times by the ocean. Hence, by the irregular force of 
its waves, and its currents driving the bottom into fand-banks, 
mountains muft have been gradually formed within -this 
univerfal covering of waters; and thefe fucceflively raifing . 
their heads above its furface, muft, in time, have formed the 
higheft ridges of mountains upon land, together with continents, 
iflands, and low grounds, all in their turns. This opinion will 
receive additional weight by confidering, that in thofe parts of. 
the earth where the power of the ocean is greateft, the inequa- ’ 
lities on the furface of the earth are higheft : the ocean’s power. 
is greateft at the equator, where its winds and tides are moft’ 
conftant; and, in fact, the mountains at the’ equator are found. 
to be higher than in any other part of the world. The fea, 
therefore, has produced the principal changes in our earth:. 
rivers, volcanoes, earthquakes, ftorms, and rain, having made 
but flight alterations, and only fuch as have affected the globe 
to very inconfiderable depths.” 
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other mutually, whence arife their common cen- 
ters of gravity. Hence all fluids affume a fpherical 
form, from the particles mutually attracting each 
other ; and no bodies but fluids being capable of 
obeying the laws of gravitation, fo as to become ~ 
{pherical, it 1s’ prefumed that the earth was origi- 
nally in a fluid ftate. The earth revolves round its 
center, and the centrifugal force increafes in propor- 
tion to the diftance from the axis of motion; all 
* bodies, therefore, revolving round their axis in a 
ftate of fluidity, will neceffarily depart from the © 
fpherical form, and affume that of an oblate fphe- 
roid, Such, by actual menfuration, is found to be 
the form of the earth; and this is alfo demonftrated, 
by aftronomical obfervations, to be the cafe with all 
the other planets. It is therefore highly probable, 
that all thefe bodies were originally fluid, and only 
' departed in fome meafure from the {pherical form, 
in confequence of a revolution on their axis. 

It is not natural or eafy to fuppofe, that the earth 

and planets have, fince their exiftence, been reduced, 
- by any folvent principle, from a folid toa fluid ftate. 
It is much more obvious to believe, that fuch was 
their ftate at their firft creation. It follows of con- 
fequence, that they had a beginning, and have not 
exifted from eternity, as fome fantaftical writers 
have been inclined to imagine. 

If fuch was the original | ftate of the earth, it fol- 
lows, that it was at firft abfolutely unfit for animal 
~ and vegetable life; and, therefore, thefe muft have 
been after-creations. This account, it is obfervable, 
agrees admirably with the Mofaic account of the 

4 3 creation, 
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_€reation, as well as with the opinions of the moft 
ancient philofophers, hiftorians, poets, 8c. that 1 IS5 
with the traditions of the firft ages. EK a 

It is the opinion of Mr. Whitehurft, that the 
component parts of the earth, at its firft formation, 
exifted in a ftate of actual folution, and that they 
fubfided partly into folid bodies, and partly into — 
fluids, by the mutual action of thefe particles upon 
each other. : 

‘We have feen that there exifts between different — 
particles of matter what is called elective or chemi- 
cal attraction, by which fubftances having certain 
“properties in common are difpofed to unite; and by 
the combinations thus formed (whether by an im- 
mediate act of omnipotence, or whether by fome — 
more gradual proceis) the fufpenfion of the compo- 
ment parts of the chaotic mafs would ‘be effectually 
deftroyed, and bodies would approach towards 
their center of gravity in preportion to their refpec- 
tive denfities. , “That the laws of elective attraction 
have prevailed in the formation of the earth is evi- 
dent from the famenels of quality which 1 is obferved 
in different {trata.of minerals. 

It has been, I think, demonftrated, hat the pre- © 
fence.of heat or fire is the efficient caufe of fluidity. 
When the permanently claftic fluids, therefore, 
which conftitute the atmofphere, affumed their 
aeriform ftate, and rofe from the chaotic mafs, a 
great quantity of heat muft have become latent, 
while the remaining fubftances, {rom which the 
heat was abftracted, muft have been confiderably 
cooled, and it ce therefore, be expected, that 

—  thofe 
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_thofe kinds of matter, which had leaft attraction for 
“heat, would affume a folid form; while others, 
whofe attraction for that fubftance was interme- 
diate, would remain in the ftate of common fluids, 
It is, therefore, perfectly agreeable to found philo- 
fophy to fuppofe, that the abftraction of a confi- 
derable quantity of caloric, or the matter of fire, 
from the -chaotic mafs, would effectually deftroy 
its fluidity, and would almoft inftantly produce 
all the different mineral fubftances, which are 
obferved in the bowels of the earth. Not that we 
are under any neceffity of believing, that the whole 
internal fubftance of the earth exifts at this hour as 
it exifted when creation was completed. ‘There are 
a variety of procefies going on continually in the 
interior parts of the globe, befide thofe more fud- 
den and violent changes, which have been produced 
by earthquakes, floods, and volcanoes. 

By the fubfiding of the denfer and more folid 
bodies, a bantiecatic portion of the fluid matter 
would be left in a feparate ftate, and would form 
large mafles, or oceans of water. 

W ith refpect to the formation of iflands, Deithiril 
more was neceflary than the unequal and ictebeler 
fubfiding of the different parts of matter, which 
may have happened from a variety of caufes; from | 
the effects of elective attraction and cryftallization ; 
from the motion of the earth, and the flux and 
reflux of the tides. “Khe latter caufe would necef- 
farily remove the folid mafles, as they were formed, 
from place to place, till thefe folid maffes, meeting 
with others, or increafing their bulk by their action 
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upon congenial particles, would, from their increafed 
eravity and denfity, at length become ftationary. — 
Thus the furface of the earth is all irregular, and 
an ifland is no other than a hill or mountain, the — 
adjacent vallies of which are filled: with water, 
Some iflands, however, we know, are of more re- 
cent origin.. Some have been thrown up by volca- 
nic eruptions; and fome. have apparently been - 
formed by that extraordinary infect which produces 
rocks of coral. ‘The iflands Delos and Rhodes are 
faid to have grown out of the fea. Pliny mentions 
a number of other iflands, which were produced by 
fubterraneous fires. In 1628, one of the iflands of 
the Azores rofe up out of the bottom of the fea, 
which in that place. was one hundred and fixty fa-. 
thoms deep; and this ifland, which is three leagues 
Jong, one league and an half broad, and three dias 
dred and rate feet above the level of the waters 
rofe in fifteen days’, 3 

On the 20th of: November, T2052 iileaiaiet . 
neous fire burft out of the fea near. Tercera, one of 
the Azores, which threw up fuch a quantity of 
itones, .in the fpace of ‘thirty days, as formed an 
‘ifland two leagues in yuan and nearly circu- 


lar t. 
The Ifle of Sheppey contains a oreat variety of 
fofil. bodies, as well animal as ‘vegetable, which 


evidently prove it to be an affemblage of adventi- 
tious matter. 
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In every inftance upon record, the fragments of fea 
fhelis are infinitely more numerous than the bones 
and teeth of fifh. The latter too are but feldom 
depofited in any other matter than in beds of fand 
and gravel, and not in the folid beds of lime-ftone, 
as the fhells of fifh generally are, even to the depth 
of many hundred yards, and difpofed throughout the 
whole extent of the {trata *. 
‘There is no occafion to fuppofe, that the whole 
furface of the earth was at once rendered habitable. 
From the fcripture account we have reafon to believe, 
that only a very {mall part of it was inhabited for a 
long feries of time, viz. the regions about the Eu- 
phrates, fuppofed to conftitute the Garden of Eden. 
Here the terreftrial animals were chiefly affembled, 
while the marine animals were difperfed through the 
ereat abyfs of waters ; and, from the extreme fecundity 
of thofe animals, they would, in a very fhort fpace 
of time “ replenifh the waters” from pole to pole. 
If, therefore, we fuppofe (as is moft probable) 
that the greater part of the earth was gradually 
forming itfelf according to the laws of nature and 
creation, in other words, according to the ufual pro- 
ceffes of attraction and éombination: it is eafy to 
_ conceive, that a part of thefe animals, efpecially thoft 
_ which are leaft active, would be gradually intombed 
in the increafing mafs, and this will account for the 
_ great quantities of the exuvia: and bones of marine 
animals, efpecially fhell ith, which are found in 
beds of lime-ftone, Bit &c. even on the tops 
of mountains. 
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‘We fhall ceafe to be aftonifhed at the immenfe | 
"quantities of fhells, which are thus found imbedded 
inthe earth, if we only confider the amazingly pro- 
lific nature of thefe animals. It is not uncommon 
to take away a bed of: thefe fhell fith feveral fa- 
thoms in thicknefs; and, though the places whence 
they are removed appear entirely exhaufted, yet in 
the enfuing feafon there fhall be as many found in all 
thefe places as there were before *, 

The bones’ or teeth of fith, Mr, Whitehurit 
affirms, as far as his knowledge extends, have never 
been founid mixed with fhells in the folid fubftance 
of lime-ftone. | 

That at different periods the earth sie have 
fuffered very violent convulfions and difcerpta- 
tions of the folid parts, we may - reafonably 
conclude from the rugged and uncouth appearance 
of many of the mountainous parts of the world. . 
We fee rocks in fome places torn afunder, or, in 
appearancecut with a faw, Mr. Whitehurft remarks, 
thatatStafford and Newport, in Shropfhire, there are 
detached blocks of Cornifh moor-ftone, or eranite, 
of confiderable magnitude, though no fuch ftratum 
is known to exift nearer than Conueain At is fair, 
therefore, to conclude, that they have been thrown 
there by fome violent commotion or fubterraneous 
convulfion. 

To the general deluge, that Aa pera with fo 
much provision in the writings of Mofes, and con- j 
firmed by the traditions of every nation, we mutt 
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attribute much of the irregularities of the earth’s 
furface, . It would in fome inftances have the effect 
_ of reducing great maffes of matter to a fecond ftate 
of foiution. Many eminences would be levelled, and 
fome of, tae vallies would be filled up. Some 
parts, witch before were fea, might:receive fuch an 
acceflion of toreign matter.as to “fill up their beds, 
and on the fubGding of the waters to prefent to the 
eye a valt level piain. Thofe elevations, on’ the 
contrary, which confifted of folid mafles of the 
harcer itones, would have the lichter portions of 
earth waihed away from their bafes, and their 
height would receive a proportional increafe. If 
pit coal, indeed, is of vegetable origin, it is difficult 
to account for the depofition of fuch a quantity of 
vegetable matter beneath the furface of the earth, 
on any other hypothelis than that of a deluge; 
and though, much of the exuvie of fhell-fith wight 
be involved in the firft ages fucceeding the creation, 
in the manner Mr. Whitehurit fuppofes, much 
greater quantities would be inhumed at the deluge. 
The other animal matters found in a foflil ftate, 
particularly the horns, fkeletons, and bones of 
animals, which are much larger than any now found 
upon the earth, can only be accounted for upon 
this hypothefis. Such are thofe mentioned by 
Buffon, which were dug up in America, near the 
river Ohio, a fingle tooth of which, belonging to a 
large row, weighed upwards of eleven pounds, aha a 
fingle thigh bone was upwards of four feet in length. 
Tn the year 1783, a fkeleton of an immenfe animal © 
of the deer kind was found on an eftate belonging 
| ta 
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to Dr. Percy, Bifhop of Dromore. It was dug out 
of 2 marle pit, under a peat mofs, and was found 
furrounded by fhells and other marine productions. 
The horns were feven feet and one inch in height, 
the length of the fkull nearly two feet, the breadth 
of the forehead nearly a foot, and the bones of an 
‘enormous fize. In Siberia, in America, and even 
in Eneland, the bones and teeth of the elephant, 
‘hippopotamus, and other animals, which never 
have exifted in thofe climates, have been found, 
and even thefe were larger than thote of any fuch 
“animals now exifting. 
To the deluge, therefore, much of the pielene. 
“inequalities of the earth may be rationally attributed. 
But there are other caufes which may have ope- 
rated both before and fince. It is a fact, which will - 
fcarcely admit of difpute, that volcanic eruptions 
were much more frequent in the early ages of the 
world than at prefent; the vettiges of volcanoes 
‘and, even the exhaufted craters, are often found, 
where there is now not the leaft appearanee of fyb- 
terrancous fire. This fact is alfo eafily accounted 
for on philofophical principles. “The imperfect, 
and, if I may fo fpeak, accidental mixture of diffe- 
rent bodies, would in many cafes produce fponta- 
neous inflammation in the early ages of the world, 
whereas, as the earth grows older, thefe materials | 
-nouft be exhaufted, or rather formed into other com- 
binations. Many mountains, we know, are of vol- 
canic origin, and therefore many of them of a date 
long pofterior to the era of creation. 
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Such appears to\be the moit rational account of 
the ftructure of the earth, as far as we are warrant- 
ed by actual experiment, or well authenticated ob-_ 
fervation. ‘The fucceeding chapters of this book 
will ferve to explain more fatisfactorily the different 
appearances of different portions of the globe. I 
fhall therefore proceed, without further digreffion, 
‘to treat more particularly of mountains, volcanoes, 
and the other phenomena more immediately con- 
nected with this branch of natural hiftory. 
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CH appacklli 
MOUNTAINS. 
: | 


Diftin@ion betaween Hills and Mountains.—~Mountains primeval or 
Jfecondary.—-Granite Mountains only fuppofed in general primeval. 
—Same lime-ftone Mountains primeval.—Alluvial Mountains. — 
Entire and ftratified Mountains.—Mountains homogeneous and. 
beterogencous.—Confufed Mountains.—Vi olcanic Mountains.— 
Height of Mountains, how meafured.——Computed Heights of the 
moft remarkable Mountains.—Line of Congelation in different 
Parts of the World. 


‘ 


“LEVATIONS, confifting chiefly of clay, fand, 
or gravel, are called hills. Thofe which con- 
fitt chiefly of ftone are called mountains. Moun- 
tains are divided into primeval, that is, of equal 
date with the formation of the globe, and fecondary 
or alluvial. Among primeval, thofe of granite hold 
the firftt place. The higheft mountains and moft 
extenfive ridges throughout the globe are of that 
kind; as the Alps and Pyrennees, in Europe; the 
Altuifchan, Uralian, and Caucafus, in Afia; and the 
Andes, in America. The higheft of them never 
contain metallic ores; but fome of the lower contain 
ores of copper and tin. The granite next the ore 
always abounds in mica. Petrifactions are never 
found in thefe primzval mountains. 
That the formation of thefe mountains preceded 
_ that of vegetables and animals, is juftly inferred from 
their containing no organic remains, either in the 


6 | form 
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form of petrifaction or impreffion. Naturalifts are 
‘agreed, that granites were formed by cryftallization. 
This operation probably took place after the forma- 
tion of the atmofphere, and the gradual excavation 
of the bed of the ocean, when the dry land ap- 
peared. For, as was remarked in the preceding 
chapter, by means of the feparation of the aeri- 
form fluids, which conftitute the atmofphere, the 
evaporation of part of the water into the atmofphere, 
and the gradual retreat of the remainder, the va- 
rious fpecies of earths, before diffolved or diffuled 
through this mighty mafs, were difpofed to coaleice, 
and among thefe the filiceous muft have been the 
firft, as itis the leaft foluble ; but as the filiceous 
earth has an affinity to the other earths with which 
it was mixed, fome of thefe muft have united in 
various proportions, and thus have formed, in difting - 
majfies, the felt fpar, fhoer],and mica, which compote 
the granite. Calcareous earth enters very {paringly 
into the compofition of this ftone; but as it is found 
in fhoerl, which is frequently a component part of 
granite, it follows that it muft be one of the primi- 
tive earths, and not entirely derived from marine 
exuvice, as fome have fuppofed. Quartz can never 
be fuppofed to be a product of fire; for in a very 
low heat it burfts, cracks, and lofes its tranfparency, 
and in the higheft degree of heat that we can pro- 
duce, is infufible, fo that in every effential point it is 
different from glafs, to which fome have compared 
it. As granite contains earths of every genus, we 
may conclude, that all the fimple earths are original. 
This, however, is no proof that they are in reality 

fimple 
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fimple and uncompounded of other principles ; but 
they muft be confidered as fuch in the prefent ftate 
of our knowledge. Though water undoubtedly — 
dates from creation, yet late. experiments have 
fhewn it to be a compound, as was formerly ftated. 

Mountains, which confitt of lime-ftone or marbles 
of a granular or fcaly texture, and not difpofed i in 
frrata, feem alfo to have preceded the creation of 
animals, for no organic traces are found in them. 
Some of thofe, which confift of argillaceous ftones;_. 
and fome of the filiceous, contain alfo no organic , 
remains. ‘Thefe. often confift of parallel ftrata of — 
unequal thicknefs, and the lower are-harder.and lefs _ 
thick than the upper, and therefore feem to have 
been formed earlier than the upper. 

Alluvial mountains are evidently of pofterior for- 
mation, as they contain petrifactions. and other vef-= 
tiges of organic fubftances, and thefe are always: 
ftratified. ‘ 

Mountains, as to ftructure, are entire, vSheakiGiens 
and confufed. Entire mountains are formed of huge 
mafles of tone, without any regular fiffures, and 
are moftly homogeneous. They confift chiefly of 
granite, fometimes gneifs *, {chiftus, flag-ftone; fand- 
ftone, lime-flone, gypfum, porphyry or trapp. 
Some in Sweden and ae confift of iron 
ore. | 

The ftratified mountains ‘are thofe whofe mafsis 
. regularly divided by joints or fiffures; thefe are called 
horizontal, rifing, or dipping. Homogenous ftra- 


* Avrock confifting of mica, lapis ollaris, and quartz. 
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tified mountains confift chiefly of ftones’ of the ar- 
gillaceous genus, or cf the fiffile compound {pecies 
of the filiceous genus, as metallic rock ; fometimes 
_ of lime-ftone ofa granular or fcaly texture, in which 
no animal veftiges appear. This lime-ftone repofes 
en the argillaceous or filiceous ftrata: fometimes 
the argillaceous are covered with maffes of granite, 
fometimes of lava. ‘Thefe mountains, particularly 
thofe of ¢neifs, metallic rogk, and horn-ftone, are 
the chief feat of metallic ores. . When covered with 
lime-ftone, the ore is generally between the lime- 
ftone and thé argillaceous {tones. Thefe ores run 
in veins, not in {trata. Petrifactions are found 
upon, but not in, thefe mountains. | 

Heterogeneous, or compound ftratified mountains, 
eonfitt of alternate ftrata of various f{pecies of ftones, 
earths, fands, &c. The lime-ftone here is always 
of the laminar, and not of the granular or fcaly kind, 
end when it contains any ore, it is placed between 
its lamines. Stones of the filiceous genus feldom 
form ftrata in thefe mountains, except lavas; but the 
{trata are frequently interrupted by filiceous maffes, 
as jafper, porphyry, &c. Coal, bitumen, petrifac~ 
tions, and organic impreffions, are found in thefe 
mountains, sey falts and calamine. 

There are other mountains, which cannot properly 
be called ftratified, as they confitt only of three im- 
menfe mafies, the loweft granite, the middle argil- 
laceous, and the upper lime-ftone. Metallic ores 
are found in the argillaceous part, or between it and 
the lime-ftone, . | 

Vor. Il. A a Confuled 
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Confufed mountains confift of ftones heaped to- 
gether without order, their interftices filled with~ 
clay, fand, and mica. They fearcely ever contain 
any ore. | 

Befides thefe, there are many mountains in dif- 
ferent parts of the world, which derive their origin 
from volcanoes; but of thefe it will be neceflary to 
treat in the fucceeding. chapter. : 

The height of mountains is ufually calealited by 
means of the barometer, upon the principles already 
explained. For this purpofe two columns of mer- 
cury, or barometers, are provided, and one is kept 
at the foot of the mountain while the other is carried 
to its fummit. The degree of heat, if not equal, is 
reduced by calculation to an equality, and for this 
purpofe a thermometer is attached to each of the 
- barometers. The degree of heat, to which both are 
reduced, is dette 55°. If, however, either of the 
barometers ftands at thirty inches, and the annexed 
thermometer at 55°, no reduction is to be made in 
the degrees indicated by that barometer ; but if eithér 
of them is at 30°, and the thermometer below 55 a 
we mutt add the expanfion the mercury in the ba- 
rometer would have experienced at the heat of 55°. — 
If the heat fhould, on the contrary, be above 55°, 
we muft fubftracét the degree of expanfion which it ~ 
gains by -that heat.- Every degree of Farenheit’s 
f{eale produces an expanfion of co.304 of the baro= 
metrical inch, when the barometer is at 30; when, 
therefore, the thermometer is at 11° below or above 
55°) We ice. add in the former, or fubftra@ in the 

| latter 
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latter cafe, eleven times that number from the baro- 


metrical height. Inthe fame manner it may be cal- 


culated, whatever 1s the height of the barometer. 
When this matter is afcertained, the height is eafily 
found by comparing the two barometers, and cal- 
culating the denfity of the air in the higher regions 
decoding to the principles of oe. progref- 
fion. 

The higheft mountains are thofe which are ficu- 
ated at or near the equator; and the Andes are ge- 
neérally allowed to be the higheft of thefe. Cato- 
paxi, one of the Andes, which was meafured by 
Ulloa and the French academicians, was found to 
be rather more than three miles above the level of 
the fea; whereas the higheft point of the Alps is not 


above a mile and a half. Mount Caucafus ap- 


proaches neareft to the height of the Andes of any 


of the Afiatic mountains. The Pike of Teneriff, ° 


which has been fo much celebrated, is about a mile 
and a half in height. It is an extraordinary cir- 
cumftance, that the moon, which is a body fo much 
fmaller than our earth, fhould fo greatly exceed it 
in the irregularities of its furface; fome of the 
mountains in that planet being calculated to exceed 
nine miles in height. 


- 


The line of congelation, or perpetual froft, on 


mountains, is calculated at 15,400 feet, at or near 
the equator ; at the ¢ntrance of the temperate zone, 
at 13,428; on Teneriffe, at 1,000; in Auvergne 
(lat. 45.) 6,740; with us (lat. 52.) 5,740. Onthe 
prices vegetation ceafes at 14,697 feet; and on 

| Aa 2 | the 
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the Alps, at 9,585. The air is fo dry in thefe ele- 
vated fituations, that M. D’Arcel obferved, that on 


the Pic de Midi, one of the Pyrenees,’ falt of tar- . 


tar remained dry for an hour and a half, though it 
immediately moiftened in the fame temperature at 
the bottom of the mountain. 


CHarP. 


{~ 


Chap. 45.] fangs7 4g | ie 


Cwa Pp. XLV: 


Mi dil CA Ne Oink §, 


General Obfervations on Volcanoes.—T heir Conneion with the Sea. 
—Immenfe Force of Jubterrancous Fires exemplified in various 
Lnftances.—T heory of Volcanoes —Great Depth.—T races of Vol- 
canoes in different Parts of the World —De/cription of Aitnam 
Eruption of Vefuvius, in 1994. 


OLCANOES are peculiar to no climate, and 
have no neceflary or regular connection with 
any other mountains, but feem to have fome with 
the fea, for they are generally in its neighbourhood. 
It has been remarked by thofe who have obferved, 
them, that volcanoes often throw ouit matters which 
belong to the fea, as the relics of fith, fea-weed, and 
often immenfe quantities of fea-water itfelf. Sir 
William Hamilton obferves, in the Philofophical 
Tranfactions for the year 1776, “ that the opera- 
tions of Vefuvius are very capricious and uncertain, 
except that the {moke increafes confiderably and 
conftantly when the fea 4s agitated, and the wind 
blows from that quarter.’ 

There are ancient ates volcanoes, it is 
true, which are inland; but hin is only one of many 
proofs that the fea covered thofe countries at fome 
rémote period. Volcanic mountains are of all 
heights ; fome fo low as four hundred and fifty feet, 
as that of Tanna; Vefuvius is three thoufand fix 
hundred feet high, and Aftna eleven thoufand. 

Aca 3: They. 
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They in general form lofty fpires, Aan the volcano 
itfelf is Gnternally fhaped like. an inverted cone, 
placed on a broader bafis. This cone is called the 
crater, or bowl, and through it the lava generally 
paffes, though fometimes it burfts through the fides, 
and even proceeds accafionally from the bottom of 
‘the mountain. Sometimes the crater falls in and is 
effaced, fometimes, in extinguifhed volcanoes,. it is 
filled with water. Sub-marine volcanoes have been 
obferved, and from thefe fome iflands have derived 
their origin. Volcanic fires, taking place at the 
bottom of the ocean, would frequently, by the ex- 
panfive force of the fteams which are generat- 
ed, elevate thofe parts which were once at the 


i 


bottom of the deep, and overflow thofe which 


were habitable earth. It is very probably con- 
jectured, as was noticed in a preceding chapter, 
that fubterranecous convulfions operated more 


powerfully in the early ages of the world than at — 


any later period; and indeed fuch an hypothefis is 
fupported by the moft probable reafoning, fince 


we may well conceive, that at the firft confolida- 


tion of the earth, much heterogencous matter 
would be included in the different mafles, which 
might produce more frequent fermentations than at 
any after periods, when thefe have been, if I may 
fo expres it, oo off by frequent eruptions, and 
In many parts, perhaps, rectified and affimilated by 
flow and fecret pracefies in the bowels of the earth, 

| But hiftory was not cultivated till a very late period, 


and the moft eventful ages of nature have pafied 


unrécorded, he 
The 
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The force of fubterraneous fires, or rather of the 
{team which is. generated by them, is fo great, that 
confiderable rocks have been projected by Vefuvius 
to the diftance of eight miles. A ftone was once 
thrown. from the crater of that. volcano twelve 
miles, and fell upon the Marquis of Lauro’s houfe 
at Nola, to which it fet fire. One alfo, which 
meafured twelve feet in height and forty-five in 
circumference, was carried, in 1767, by the projec- 
tile force of the fteam, a quarter of a mile from 
the crater. Inan eruption of Aétna,a ftone, fifteen’ 
feet long, was ejected from the crater to the dif- 
tance na a.mile, and buried itfelf eight feet deep 
in the ground. 

A volcano broke forth in Peru, in 1600, ac- 
companied with an earthquake, and. the fand 
and afhes which were ejected covered the fields 
ninety miles one way and one hundred and twenty 
another. Dreadful thunders and lightning were 
heard and feen for upwards of ninety miles round 
Araquapa during this eruption, which feemed to 
denote fome connection between the electric matter 
and thele volcanic fires *; and this fact is ftronely 
confirmed:by the very accurate obfervations of Sir 
William Hamilton, which I fhall afterwards have 
occafion to notice more at large. 

Both the infide of the crater and the bafis of many 
volcanoes confift of lava, either entire or decom- 
pofed, nearly as low as the level of the fea, but 
they finally reft either on granite, as in Peru, or 
{chiftus, as the éxtinguifhed volcanoes of Heffe and 
Bohemia, or on lime-ftone, as thofe of Silefia, 


* Dr, Hooke’s pofthumous Works, p, 304. 
Aa 4 Mount 
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Mount Vefuvius, &c. No ore is found in thefe- 
mountains, except that of iron, of which lava con- 

tains from twenty to twenty-five parts in the hun- 

dred, and fome detached fragments of the ores of 
copper, antimony, and arfenic. Vefuvius ejected, 

from the year 1779 to 1783, 309,658,161 cubic. 
feet of matter of different kinds; we muft there-. 
fore conclude the feat of thefe fires to be feveral 

miles, perhaps hundreds of miles, below the level 

of the fea; and as iron makes from one-fourth to. 

one-fifth of thefe ejections, we may infer that 

the internal parts of the earth abound mucha in this 

metal. 

The origin of thefe fubterraneous Ges is nob 
eafily seplained, Iron filings mixed with powder- 
ed fulphur, and the whole moiftened with water 
into a pafte, we have formerly feen, will fwell, be-. 
come hot, and, if the quantity is confiderable, will 
throw out a blue flame. It is a mixture of this kind 
which is ufed for making an artificial earthquake, for, 
fuch a quantity of inflammable gas is produced dur- 
ing the fermentation, that if the mafs is buried in the 
earth, the gas will forcea paflage for its efcape, and 
exhibit, on a {mall fcale, the phenomena of an earth- 
quake. M. Lemery feems to have been the firft 
perfon who illuftrated, in this manner, the ori- 
ein of volcanic fires and earthquakes. He mixed 
twenty-five pounds of iron filings with an equal 
weight of fulphur, and having made them into a 
pafte with the addition of water, he put them into 
a pot, covered them with a cloth, and buried them 
a foot under ground, In about eight or nine hours 
time the earth fwelled, became warm, and cracked, 
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and hot fulphureous vapours were perceived *. 
Now, large beds of martial pyrites, which are natu- 
ral combinations of iron and fulphur, are known to 
exift in different parts of the earth; the only diffi- 


- * That part of this experiment (fays Bifhop Watfon) which 
relates to the production of fire, by the fermentation of iron 
filings and fulphur when made into a pafte, has been frequently 
xepeated fince the time of Mr. Lemery. I my{elf have made 
it more than once, but I have nothing material to add to his 
account, except that the flame, when the experiment is made 
in the open air, is of very fhort duration; and that the whole 
mafs, after the eedheion’ of the flame, continues at intervals, 
for a longer or fhorter time, according to its quantity, to throw 
out fparks; and that a ladle full of the ignited mafs, being 
dropped down from a confiderable height, defcends like a 
fhower of red-hot afhes, much refembling the paintings of the 
eruptions of Mount Vefuvius, which may be feen at the Britifh 
Mufeum. It has been obferved, that large quantities of the 
materials are not requifite to make the experiment fucceed, 
provided | there be a due proportion of water: half a pound of 
feel filings, half a pound of flowers of. brimftone, and four- 
teen ounces of water, will, when well mixed, acquire heat 
enough to make the mafs take fire. 

That heat and fire fhould be generated from the fpontaneous 
attions of miner -als upon each other, is a phenomenon by no 
means fingular in nature, how difficult foever it may be to 
account for it. The heat of putrefcent dunghills, of the 
fermenting juices of vegetables, and, above all, the fponta- 
neous firing of hay not properly dried, are obvious. proofs that 
vegetables poflefs this property as well as minerals. In both ve- 

; getables and minerals, a definite quantity of moifture is requifite 
to enable them to commence that inteftine motion of their parts, 
which is necefiary for the produétion of fire. Iron and fulphur 

would remain mixed together for ages without taking fire, if 
they were either kept perfeétly free from moifture, or drenched 
with too much water; and vegetables i in like manner, which 
are quite dry, or exceedingly wet, are incapable of taking 
fre whilft they continue in that ftate. 
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culty which atténds this explanation of the origin — 
of volcanoes, as well as of earthquakes, is, that the 
prefence of air is ‘in general neceflary for the pro- 
duction of actual flame.- It is well known, how- 
ever, that martial pyrites, when morftened, ac- 
quire heat; and if we fuppofe the heated pyrites to » 
have been in contact with black wad and petroleum, 
‘we may fuppofe the flame to arife, as we fee it pro-. 
duced by art, from the deficcation of the former fub- 
ftance, and its mixture with mineral oil. Many mine- 
rals, when heated, afford, vital air, a very {mall quantity 
of which is fufficient to produce flame; this flame, 
once produced, may be fupported from other ores, 
and the combuftion be maintained by the prefence 
of bituminous fchiftus, bitumen, and coal. Marl, 
fehiftus, horn-ftone, fhoerl, with a further addition 
of iron, are the true fources of lava. It feems, 
however, after all, difficult to conceive that fuch 
extenfive and intenfe fires fhould be maintained 
without the accefs of confiderable quantities of air ; 
that fubftance may therefore be poflibly fupplied by 
a communication with fome extenfive caverns, which 
may themfelves receive it by openings at the dif 
tance of many miles from the crater of the volcano. 
It does not feem improbable that the volcanoes, 
which now burn, may have a communication with 
the cavities and craters of extinguifhed volcanoes, 
and thence derive a fupply of air fufficient to ac- > 
count for the inflammation of large beds of pyrites 
and bituminous matters. M. Buffon fuppofes, that 
the feat of volcanic fires is fituated but a very little 
way below the bed of the mountains; but it ap- 
pears 
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_‘ pears more probable, that it is in general many miles 
below the furface of the earth, for the quantity of 
matter difcharged from Ata alone is fuppofed, on 
a moderate calculation, to exceed twenty times the © 
original bulk of the mountain, and therefore could. 
not have been derived from it contents alone, but 
alfo from the deeper receffes of the earth. 

M. Condamine afferts, that all the mountains in 
the neighbourhood of Naples exhibit undoubted 
marks of a volcanic origin. He fays, he could trace 
the lava,and other productions of fubterraneous fire, 
from Naples to the very gates of Rome, pervading 
the whole foil, fometimes pure and fometimes dif- 
ferently combined. ‘ Wherever I fee,” fays he, 
‘© on an eleyated plain, a circular bafon, furrounded 
with calcined rocks, I am not deceived by the 
verdure of the adjacent fields; I can difcover, be- 
neath the fnow itfelf, the traces of an extinguifhed 
fire. If there is a breach in the circle, I ufually 
find out, by following the declivity of the 
ground, the traces of a rivulet, or the bed of a tor- 
rent, which feems as if it was hollowed in the rock, 

and this rock appears pecs to be pure lava. 

_If the circumference of the bafon has no breach, the 
rain and {pring waters, which are collected there, . 
eepcrally: form a lake in the very mouth of the vol- 
cano.” The Apennines, as well as the Cordeliers of 
Peru and Chili, he fuppofes to have been a chain of ~ 
volcanoes. The chain in both inftances is inter- 
rupted, and many of the fires either extinguifhed or 
f{mothered, but many remain ftill aétually burning. 
‘This intelligent author is, however, far from attri- 

buting 
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buting to all mountains the fame origin; and adds, 
that in that part of the Alps, which he travelled 
over, he could obferve no fuch appearances. 

The traces of volcanoes have been obferved in. 
Ireland by Mr. Whitehurf& Though no vifible 
crater 1s remaining between Port Ruth Strand and 
Balley Caftle eaftward, yet, he obferves, that whole. 
fpace, about twenty Englifh miles, is one continued 
mafs of lava. The cliffs, he fays, are truly ftu-; 
pendous, and bear every poffibie mark of having 
been originally liquid fire. The elevation of that, - 
at the foot of which the Giant’s Caufeway is fituat- 
ed, he prefumes cannot be lefs than five or fix hun- 
dred feet perpendicular above the level of the Atlan-. 
tic ocean, and yet compofed entirely of lava; the 
fame appearances extend towards the fouth upwards 
of twenty miles. 

The moft remarkable volcanoes in Europe are 
fEtna and Vefuvius, and as thefe are not too far 
diftant, we have the moft accurate defcriptions of — 
them from travellers of the firft talents and reputa~ 
Rane 7 
Etna, which is the mott ftriking objet in ‘ar 
ae and indeed one of the mott AY enue pro- 
duétions. of nature, arifes from an iitnente bafe, and. 
mounts equally on all fides to its fummit. he af- 
cent on each fide is computed at about thirty miles, 
and the circumference of its bafe, at one hundred 
and thirty-three ; but as it has never been meafured | 
with any great degree of accuracy, its dimenfions 
are but imperfectly known. 


4 
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< The whole mountain is divided into three diftinét 
regions, called La Regione Culta, or Piedmonte/e, the 
fertile regions; La Regiona Sylvofa, or Nemorofa, the 
woody region; and La Regiona Deferia, or Scoperta, 
the barren region: Thefe differ as materially both 
_in climate and production as the three zones of the 
-earth, and perhaps ‘with equal propriety might have 
been ftiled the torrid, the temperate, and the frigid 
zone, | | 
‘ The firft region of Aitna furrounds the baft of the 
mountain, and conftitutes the moft fertile country in 
the world on all fides of it, to the extent of.fourteen 
or fifteen miles, where the woo¢y region begins, It 
is compofed almoft entirely of lava, which, in time, 
becomes the moft fertile of all foils, but the roads, 
-whickare entirely over old lavas, now converted into 
orchards, vineyards, and corn-fields, are very exe- 
erable. The lavas, which form this region, arife 
from a number of beautiful little mountains, every 
where {cattered over the immenfe declivities of 
FEtna. Thefe are all either of a conical or femi- 
fpherical figure, and are in general covered with 
beautiful trees, and the moft luxurious verdure. The 
formation of them is owing to the internal fires of 
/Etna, which raging for a vent, at fo vatt a diftance 
from the great crater that it cannot poffibly be carried 
to the height of twelve or thirteen thoufand feet, 
which is probably the height of the fummit of Aetna, 
muft neceffarily be difcharged at fome other orifice. 
After thaking the mountain, and its neighbourhood 
for fome time, at length the fire burfts open its fide, 
and this is called anernption, At firft it emits only 
a thick 
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a thick fmoke and fhowers of afhes. Thefe are fol- 
lowed by red hot ftones, and rocks of a great fize, 
which are thrown to an immenfe height in the air. 
Thefe ftones, together with the quantities of afhes 
difcharged at the fame time, form thofe mountains, 
which cover ali the declivities of Avtna. . The fize 
of them is in proportion to the duration of the erup- 
tion. When it continues a.confiderable time, it 
fometimes forms an elevation of one thoufand » feet 
in perpendicular height, which at its bafé is feven or 
eight miles in circumference. 

¢ After the formation of the new mountain, ihe lava 
commonly burits out from its lower fide, and, fweep- 
ing every thing before it, is generally terminated 
by the fea. Sometimes it iffues from the fide of the 
mountain, without thefe attending circumftances, 
which is commonly the cafe with the eruptions of 
Vefuvius, in which the elevation being fo much 
fmaller the melted matter is carried up into the cra- 
ter, where it is diflodged without forming any new 
mountain, but only adding to the height of the old 
-one; till at length the lava; rifing near the fums 
mit, burfts the fide of the crater. But AEtna being 
upon a much larger f{ceale, one crater is not fuffi- 
_ cient to give vent to fuch immenfe oceans of ae ‘ 

recs : 

«At Nicolofi, which is ois twelve miles up 
the mountain, the climate appears totally changed. | 
When the heats at.Catania are infupportable, and the 
harveft entirely over, the temperature of the air is 
moderate at Nicolofi, and in many places the corn 
-guite green. Mr. Brydone; tn travelling over Aitna, 

yt ; was 


% 


Chap. 45.) Mr. Brydone’s Vit to Etna. 367 


was ftruck with the degree of wildnefs and ferocity 
which appeared in the inhabitants of the mountain; 
and which reminded him of an obfervation made by 
the Padre della Tore, the Hiflontegrapher of Mount 
Vefuvius, that in places where the air is moft im- 
preenated. with fulphur and hot exhalations, the peo- - 
ple are always moft wicked and vicious. It was with 
great difficulty he could perfuade the people of Ni- 
colofi to fuffer his guide to attend him in the profe- 
cution of his refearches. ‘They were exceffively 
troublefome, and extremely fufpicious that his views 
were directed to the difcovery of fome hidden trea- 
fure, the only motive to which they could afcribe fe 
fatiguing ajoutney. At leneth one of them recol- 
~ lected having heard many of their old people fay, 
‘that the Englifh had a queen that had burnt in the 
. mountain for many years paft, and imputed the 
vifits of feveral of that nation to their refpect to their 
deceafed fovereign. Upon enquiring who this queen 
was, they faid her name was Anna, that fhe was 
wife to a king who had been a chriftian, but fhe had 
made him a heretic, and was condemned to burn for 
ever in Mount Aetna. As this could only relate to 
the unfortunate Anne Bullen, Mr. Brydone afked if 
fhe was the victim alluded to, and whether her huf- 
band was not likewife condemned to the fame pu- 
nifhment. ‘ Certainly,” faid the man, “ and all his 
heretic fubjects too ; and if you are of that number 
you need not be in fuch a hurry to get there, you 
will be fure of it at laft,” 
‘ The beautiful country of Hybla;. in the neigh- 
bourhood of Nicolo, after repeated viciffitudes, is 
x now 
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now reduced to a melancholy monument of the fury 
of AEtna; it was fo much celebrated for its fertility, 
and particularly for its honey, that it was called Mel 
“Pafii, till it was overwhelmed by the lava of A®tnay 
and became totally barren, when, by a kind of pun; 
it obtained the name of Mal Paffi. On a fecond 
eruption, however, a fertile fhower of afhes reftored 
its priftine beauty, and its former appellation. But 
tn the dreadful eruption of 166g it was again reduced 
to the moft deplorable fterility, fince which it is once 
more known by the name which denotes its wretch= _ 
ednefs. The eruption that firft deftroyed this beau- 
tiful country, iffued from Montpeliert, which it then 
formed. It deftroyed a great number of villages 
and palaces, and in particular two noble churches; - 
which are extremely regreted on account of three 
{tatues, accounted, at that time, the moft perfeét in ~ 
the iGectich They have attempted to recover them; _ 
but in vain, nor is it believed they ever can; for the 
churches were built of lava, which is fuppofed to mele 
as {oon as it comes into contaét with a torrent of 
new erupted matter. Mafia, a Sicilian author of great 
credit, affirms, that in fome eruptions of Aétna, the 
lava has poured down with fuch a fudden impetuo-. 
fity, that, in the courfe of a few hours, palaces;, 
churches, and villages, have been entirely melted — 
down, and the whole run off in fufion. Itis hows 
ever probable; that the impetuous force of the tor- 
Tent, rather than its incorporating with the old mafs; 
‘may in many of thefe inftances have occafioned this 
devaftation:s Thus much at leaft is certain; that if 
. the 
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the lava has had any confiderable timé to cool; this 
fingular effect never happens. 

The contraft between the different regions of ma 
is extremely ftriking: On enteririg into the romantic 
forefts of the Regioné Sylvofa, a new creation feems 

‘to arife. The air; which before was hot anid fultry, 
is cool and refrefhing, and every breeze loaded 
with delicious perfumes from thé aromatic plants, 
with which the whole stound is covered. Indeed 
every beauty, and every horror 1m nature, feems to be 
united on this wonderful mountain, and the moft op- 
pofite and diffimilar objeéts are promifcuoufly blend- 
. ed together. Heré we obfervé a gulph which threw 
out torrents of fire, now covered with the moft luxu= 
rious verdure. Delicious fruits arifine from what was 
but lately a black and barren rock. Delightful 
flowers covering the earth, the furface of which is 
but a few ads removed frorn lakes of liquid 
fire and brimftone. An immenfe gulph of fire for 
ever exifting in the midft of fhows which it has not 
the power to melt, and immenfe fields of fnow and 
ice unceafingly furrounding this gulph of fire which 
they have not the power to extinguifh. 

- The woody region of 7Etna afcends for about eight 
or nine miles, ae forms a zone of the brighteft 
green around the mountain. In this region; near thé 
Spelonca del Capriole, or goats cavern, ate two of the 

-moft beautiful mountains that adorh the fides of Etna. 
‘Their hollow craters are each of them confider- 
_ ably larger than that of Vefuvius. They are now 
filled with ftately oaks; and covered with the ticheft 
foil to a great depth, A’ mountain at fome diftance 
Wor, Il, Bb which 
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which was formed by an eruption in 1766,.was, in. 
1770, ftill on fire; nor was the lava by any means 

cold. This region of Etna, like the Regione Culta, 

is compofed of iava; but this is now covered with fo 
deep.a layer of earth, that it is no where to be feen, 

except in the beds of the torrents, in many of which 

. it is worn down by the water to the depth of fifty 

or fixty feet, and in one of them confiderably more. 

On approaching. La. Regione: Scoperta, the trees 

begin to affume a wintry appearance, and every ob. 

ject indicates the proximity of barrennefs and eter- 

nal froft. 

Oncompletely bidding adiew to the vegetable r nee 


gions, an expanfe of ice sc akaets itfelf, which is fuf- ~~ 
ficient to ftlagger the moft determined refolution. — 


Above thefe the high fummit of the mountaim rears. 

its tremendous head; vomiting torrents of thick. - 
fmoke.. The difficulty of afcending this part of the 
mountain is greatly increafed by the uncertainty Oba 
fecure footing ; for the furface of the mountain being 
hot below, frequently melts the {now in particular — 
{pots, and forms pools of water where it isimpoffible - 
to forefee the danger ;, fometimes, likewife, it hap- _ 
pens that the furface of the water, as well, as the 
fnow, 1s covered with black afhes, which render it 
exceedingly deceitful. At firft the afcent is not fo 
fteep, but it becomes fo.by degrees. In this region 
are the remains of an ancient ftruCture called Z 
Torre del Filofofo, and fuppofed to have been. built 

by Empedocles, a native of Agrigentum, whois — 
faid to have died 400 years before the chriftian era. 
His vanity, perhaps, rather than his philefophy, led 
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him to this ‘elevated fituatio#.: Defirous of being 
regarded. as a god, he is reeorded to have thrown 
himfelf into|the great gulph of Attna, in hopes that 
the people would imagine he had been taken up to 
heaven, and never fuppofing that his death would. be 
difcovered to mankind. Buc the treacherous moun- 
tain threw out his flippers, which were of brafs, and 
announced to the world the fate of the pretended 
philofopher, who preferred an airy fame; which he - 
was beyond the reach of enjoying, to the folid ad- 
vantages of exiftence, and who was content to pur- 
chafe the admiration of an ignorant multitude with 
the meannefs of deceit, and the facrifice of life. * 

Many ftriking remains of the great eruption in 
1669 are {till to’ be feen, and will long continue as 
memorials of that dreadful event which overwhelmed 
Catania, and all the adjacent country. Tremendous 
earthquakes Shook the ifland, and loud fubterraneous 
bellowings were heard in the mourtain. During 
fome weeks, the fun ceafed to appear, and the day 
feemed: changed into night. Borelli, who was a 
witnefs to theie terrible phenomena, fays, that at 
length a rent, twelve miles in length, was opened in 
the mountain, in fome places of which, whén they 
threw down ftones, they could not hear them reach 
the bottom. Burning rocks, fixty palms in lengths 
were thrown to the diftance of a “mile; and leffer 

{tones were carried three miles. After the moft vio~ 
lent ftrugeles, and.a.fhaking of the whole ifland; an 
immente torrent of lava! gufhed from the-rerit, and 

_ * See prefent tate ‘of Sicily and Malta, 
Bba2  fprung 
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fprung up into the’air to the heighth of fixty palmsy. 
whence it poured down the mountain, overwhelms 
ing every object in its. way -in one promifcuous | 
ruin. 

This erage nin torrent, ssihich basi Fone: the 
fide of Etna at a place called Ricini, rufhed impe~ 
tuoufly againf&. the beautiful mountain of Montpeli- 
eri, and pierced into the ground to a_confiderable 
depth; then dividing and furrounding the mountain, . 
it united again on the fouth fide, and poured defola- 
tion upon the adjacent country. The progrefs of the , 
torrent was at firft at the rate of feven miles a. day, 
but it afterwards took four days to travel. fixteen 5 
wherever it directed its courfe, the whole appearance. 
‘of nature was changed, feveral hills were formed in 
places which were formerly valleys, and a large lake 
was fo entirely filled up by the melted inlae as not. 
to leave a veltige remaining. In its courfe i it de- 
{cended upon a vineyard, belonging to'a convent of 
Jefuits, which was formed upon an ancient and pro- 
bably a very thin layer of lava, with a number of © 
eaverns and crevices under it. Theliquid. maf{s en-— 
_ tering into thefe excavations-foon filled them up, and 
by degrees bore up the vineyard, which in. a fhort 
‘time, to the great aftonifhment of the fpectators, 
began to. move away, and was carried by the torrent 
to a confiderable diftance.. In 1770 fome remains 
of this vineyard were {till. tobe feen, but the Breatee 
part of it was entirely deftroyed. | 

In vain. did.the, terrified :iahabitants of ‘Gotanil 
recur for protection to the miraculous veil, or expect 
defence from the lofty walls. of their city. After 

deftroying 
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deftroying feveral convents, churches, ‘and villages, 
this fiery current directed its courfe to Catania, where 
it poured impetuoufly over the ramparts, which are 
near fixty feet in height, and covered up five of its 
baftions, with the intervening curtains. After lay- _ 
ing wafte a great part of this beautiful city, and en- 
tirely deftroying feveral valuable remains of antiquity, © 
its further progrefs was ftopped by the ocean, over 
whofe banks it poured its deftructive current. In 
its courfe from the rent in the mountain, till its ar- 
rival in the fea, it is {aid to have totally deftroyed the 
property of near thirty thoufand perfons. 

» Still however did the infatuated inhabitants of Ca- 
tania adhere to the remains of their almoft ruined 
city, nor did even the more dreadful calamity with 
which thev were afterwards vifited, abate their at- 
tachment. Twenty-four years after the fatal erup- 
tion of 166g, a violent earthquake, which extended 
along all the eaftern coaft, and deftroyed in one hour 
more than fixty thoufand perfons, overthrew the re- 
maining buildings of Catania, and buried a very 
confiderable pAivhbet of its inhabitants under the 
ruins of their houfes and churches ; but again the 
place was rebuilt, a new and elegant plan was adopt- 
ed, and the city is now much handfomer than be- 
fore. The principal ftreets are wide, ftrait, dnd 
well paved with lava. The cathedral, which was 
founded in the year 1094, has fuffered fo greatly 
from earthquakes that a very {mall part of the 
original ftru@ture remains. Thé other religious edi- 
fices are profufely ornamented, but ina bad tafte. 


Bb 3 | But 
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_ But if she united, effects .of. attachment. to their 
native foil, of contempt for dangers to which they 
are habituated, and of coehilette in the miraculous 
veil, have occafioned the wonderful adherence’of the - 
Catanians to this dangerous fituation frorn which they 
have fo feverely fuffered, it tuft, however, be con-~ 
feffed that they have fometimes.derived advantages 
from the very evils which they have fo much reafon 
to dread, ‘They were always in great want of a port, - 
with which they were furnifhed by one of thofe ca- 
pricious changes which nature fo frequently makes 
in this ever varying fpot.. A ftredm of lavarunning 
into the. fea, formed a mole, which no expence! flesld 
have furnifhed them with. |-;This advantage, hows 
“ever, proved but temporary; there remained. for 
fome time a fafe and commodious harbour;/ but by 
a fubfequent eruption , it-was menuTely ant ‘Op bm 
demolithed. *{ 4, fevy Avy 

he celebrated Bithop Aéiiteley has defiled a ats 
Sains of Mount Vefuviusyof whichhe wasa witnefs - 
in the year 1717, and the réader willifind his narra- 
tive in the firft volume of Dr. Goldfmith’s Hiftory 
of the Earth and Animated: Nature, p. 94. But the 
moft complete and philofophical account of this moft 
formidable phenomenon, a volcanic explofion, is 
that with which Sir William Hamilton has favoured — 
the public, in -defcribing the late ‘dreadful eruption 
of that mountain in 1794; and this I fhall endeavour 
to give, -as nearly as poffible, in his own words. 

‘Sir William begins his narrative with remarking, 
‘that the frequent flight eruptions of lava for fome 
years paft had iffued from near the fummit, and ran 


in | 
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in'{mall-channels in different directions down the 
flanks of the mountain, and from’ running in‘co- 
vered channels, had often an appearance as if they 
_ came immediately out of the fides of Vefuvius, but 
_ fuch lavas had not fufficient force to reach the cul- 
tivated parts at the foot of the mountain.” In the 
year 1779,- thie whole quantity of the lava in fufion 
having been at once thrown up with violence out of | 
the crater of Vefuvius, and a'great part of it falling, 
and cooling on its ‘cone, added much te the fdlidity 
of the walls of this huge natural chimney, and had not 
of late years allowed of a fufficient difcharge of lava 
to calm that fermentation, which by the fubterra- 
neous noifes heard at times, and by the explofions of 
{coriz and athes, was knownto exiftwithin the bowels 
of the volcano; fo that the eruptions of late years, 
before this laft, were fimply from the lava having 
boiled over the crater, the fides being fufficiently 
{trong to confine it,'and oblige it to rife and’over- 
flow. +The mountain had been remarkably quiet 
for feven months before the late eruption, nor did the 
ufual fmeke iffue from its. crater; but at times it 
emitted {mall clouds of fmoke that floated inthe air 
in the fhape of little trees. © It was ‘remarked by 
the Father Antonio di Petrizzi, a capuchin friar 
(who printed an account of the late eruption) from 
his convent clofe to the unfortunate town'of Torre 
del Greco, that for fome days preceding: this erup- 
tion a thick-vapour .was feen to furround the moun- 
tain, about a quarter of a mile beneath its crater, 
as it was remarked by him, and others at the fame! 

Bab sg ip ' sd time, 
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time, that both the fun and; the moon:had often an. 
unufual reddifh caft. drcte ataa 
The water of the great Seon at Eotwe del, | 
Greco began to,decreafe fome days :before. the 
eruption, fo that the wheels of a corn-mill, work. 
ed by that water, moved very flowly ; it was necef- 
Mary in all the other wells of the town and its neigh= 
bourhood to lengthen .the ropes daily,. in order to. 
reach at the water; and fome of the wells became 
quite dry... Although moft of the inhabitants were: 
fenfible of-this- she hhad rnehel not one of themfeems» 
to. have fufpected the true caufe of it. Eight days» 
alfo before the eruption, a man and two boys, being» 
in, a vineyard above Torre del Greco (and pre=: 
cifely.on the {pot where one. of the new mouths: 
opened, whence the principal current: of lava -that- 
deftroyed the town iffued)) were’ much alarmed’ 
by a fudden puff of fmoke which iffted from the: 
earth clofe to them, and was. s attended: wath a flight » 
explofion. | 
Had this circumftance, with that of i Pune . 
raneous noifes heard at Refina for two days before — 
the eruption ‘(with the additional one of the de- 
create of water in the wells) been communicated at ° 
the time, it would have required no great forefight » 
to have been certain that an eruption ef the voleano 
was near as hand, and that its force was direéted | 
particularly towards that part of the mountain. ie 
On the rath of June 1794, 1n the morning, : 
there was a violent fall of rainy and foon after the; — 
inhabitants of Refina, fituate directly over the. an-.. 
cient town of Herculaneum, were fenfible of a 
rumbling 
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rumbling fubterraneous noife, which; was not heard . 
at Naples. 

From. the month of. Jaquary to the rrionith of 
May, the atmofphere was generally calm, and there 
- Was continued dry weather. Inthe month of May 
there was a little rain, but the weather was unufually 
fultry.. For fome days preceding the eruption, the 
Duke . della’ Torre, a: learned and ingenious 
nobleman, who publifhed two letters upon the. 
fubject. of the eruption, obferved by his elec- 
trometers, that the atmofphere was charged in 
excefs with the eletric: fluid, and continued 
fo for feveral days during the eruption. 

.. About eleven o’clock on the night of the 12th 
of June, the inhabitants of Naples were all fenfible 
of a violent fhock of an earthquake; the undula- 
tory motion was evidently from eaft to weft, and 
appeared to have lafted near half a minute. The 
fky, which had been quite clear, was foon after 
covered with black clouds. The inhabitants of the 
towns and villages, which are very numerous at the 
foot of Vefuvius, felt this earthquake fill more — 
fenfibly, and fay, that the fhock,at firft was from 
the bottom upwards, after which followed the un- 
dulation from eaft to weft. This earthquake ex- 
tended all over the Campagna Felice; and the 
royal palace at Caferta, which is fifteen miles from 
Naples, and one of the moft magnificent and_folid. 
buildings in Europe (the walls being eighteen feet. 
thick) was fhook in fuch a manner as to caufe great 
alarm, and all the chamber bells rang. It was 

| | |  likewife 
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likewife much felt’ at Beneventumy about thirty 
miles from Naples ; ; and. at Ariano m2? ‘Puglia, 
which is ‘at a Thuchpréater Giftarice;! both thefe 
towns, indeed, have been gh ini ‘amie wan earth . 
quakes. | - pS Doggie 
On Suisdasr the 14th of as foon’ after ‘teri 
o’clock at night, another fhock “ofan earthquake 
was felt at Naples, but did not appear to be’ quite fo — 
violent as that of the 12th, nor did it laft fo' long ; 
at the fame'moment a fountain of bright fire, -at- 
tended with a very black fmoke-and a loud report, 
"was feen to iffue, and rife to a great height, *from 
about the middle of the cone. of Vefuvius 5 foon 
after another of the fame kind broke out at’ fome 
little diftance lower down} ‘then, as is fuppofed by 
the blowing up of a covered ‘channél full of réd°hot 
tava, it had the appearance’as if the lava had taken | 
its courfe direétly up the fteep' cone ‘of the ‘volcano. 
Frefh fountains fucceeded one another haftily, and 
_ all in a direé line tending, for-about a mile and a 
half down, towards the towns ‘Of Refina and Torre 
del Greco. Sir William Hamiltén’ could count 
fifteen of them, but believes there weré others ob- 
fcured by the fmoke. “It feems probable, that-all 
thefe fountains of fire, from their being in fuch an 
exact line, proceeded from one and the fame long 
fiffure down the flanks of the mountain, and that’ 
the lava and other velcanic matter forced its way 
out of the wideft parts of the crack, and formed 
there the little mountains and craters that will be 
defcribed in their proper place. It is impoffible” 
that any defcription can give an idea of this fiery . 
{cene, 
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f{cene, or of the horrid noifes ‘that attended thig 
great operation of nature. It was a mixture of the 
loudeft thunder, with inceffant reports, like thofe 
from a numerous heavy artillery, accompaniéd by 
a continued hollow murmur, like that of the roar- 
ing of the ocean during a violent ftorm ; and, add- 
ed to thefe was another blowing noife, like that of 
the afcending of a large flight of fky-rockets, or 
that which is produced by the action of the enor- 
mous beliows on the furnace of the Carron iron 
foundery in Scotland.’ The frequent falling of the 
huge ftones and feoriz, which were thrown up to 
an incredible height from fome of the new mouths, 
and one of which having been fince meafured’ by 
‘the Abbé Tata was ten feet high, and thirty-five in 
‘circumference,’ contributed undoubtedly to the 
concuffion of the earth and air, which kept all the 
houfes at Naples for feveral hours in a conftant 
tremor, every door and window fhaking and rat. 
tling inceflantly, and the bells ringing.’ This was an 
awful moment! ‘The fky, from a bright full moon 
and ftar-light, began to be obfcured; the moon 
had prefently the appearance of being in an eclipfe, 
and foon after was totally loft in obfcurity. The | 
murrhur of the prayers and lamentations of a nu- 
merous populace forming various proceffions, and 
parading inthe ftreets, added to the horror. As 
the lava'did not appear to have yet a fufficient vent, 
and it was now evident that the earthquakes already 
- felt had been occafioned by the air and fiery matter 
confined within the bowels of the mountain, and 

probably 


- probably at no fmall depth (confidering the extent of 
thofe earthquakes) Sir William recommended to the | 
company that was with him, who began to be much © 
alarmed, rather to go and view the mountain at fome 
greater diftance, ay in the open air, than to re- 
main in the houfe, which was on the fea-fide, and - 
in the part of Naples that is. neareft and moft ex- 
pofed to Vefuvius: -They accordingly proceeded — 
to Pofilipo, and viewed the conflagration, now be- 
come {till more confiderable, from the fea-fide 
under that mountains; but whether from the erups’ 
tion having increafed, or frem the loud. reports of 
the volcanic explofions being repeated’! by. the 
mountain behind them, the noife was much louder, 
and more alarming than that they had heard in their 
firft pofition, at leaft a mile nearer to. Vefuvius. ©. 
After fome time, and which was about:two o clock 
in the morning of the 16th, having obferved that 
the lavas ran in abundance, daar and with great 
velocity, having made a confiderable progrefs to- 
wards Refina, the town which it firft threatened, ” 
and that the fiery vapours which had been confined 
had now free vent through many parts of a crack of 
more than a mile and a half in length, as was evi- — 
dent from the quantity of: Gabel matter and 
black fmoke, which continued to iffue from the 
new mouths above mentioned, without any inter-— 
ruption, our author concluded that at Naples all 
danger from earthquakes, which had been his 
greateft apprehenfion, was totally removed, and 
he returned to his former flation at St. Lucia at 
Naples, J 
All 
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All this time there was not the fimalleft ap- 
“pearance of fire or fmoke from the crater on the — 
fummit of Vefuvius; but the black fmoke and afhes 
iffuing continually from fo many new mouths, or 


_ craters, formed an enormous and denfe body of 


clouds over the whole mountain, and which 
began to give figns of being replete with the elec- 
tric fluid, By exhibiting flafhes of that fort of zig- 
zag lightning, which in the volcanic language 6E 
the country is called fer, and which is the con- 
ftant attendant on the moft violent eruptions. 

'Sir William Hamilton proceeds to remark, 
that during thirty years that he had refided at 
Naples, and in which fpace of time he had been wit- 
nefs to many eruptions of Vefuvius, of one fort or 
other, he never {aw the cloud of fmoke replete with 
the electric fire, except in the two great eruptions 
of 1767, that of 1779, and during this more 
formidable one. The eleétric fire, an the year 
1779, that played conftantly within the enormous. 
black cloud over the crater of Vefuvius, and fel- 
dom quitted it, was exactly fimilar to that which 
is produced, on a very {mall fcale, by the conduétor 
of an eletrical machine communicating with an in- 
fulated plate of glafs, thinly fpread over with me- 
tallic filings, &¢c. when the electric matter continues 
to play over it in zig-zag lines without quitting it. 
He was not fenfible of any noife attending that 
operation in 1779; whereas the difcharge of the 
eleétrical matter from the volcanic clouds during 
this eruption, and particularly the fecond and third 
days, caufed. explofions like thofe a. tne .oudeft , 

thunder ; 
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thunder; and indeed the ftorms raifed evidently by 

the fole power of the volcano, refembled, in. every: 
refpect all other thunder-ftorms; the lightning fall= 
ing and deftroying every thing in its courfe. The 

houfe of the Marquis of Berio at Sr. Jorio,., fituate. 

at the foot of Vefuvius, during one of thefe volcanic, 
ftorms was ftruck with lightning, which having 
fhattered many doors and windows, and damaged 
the furniture, left for fome time a {trong fmell of 
fulphur inthe rooms it paffed through. Out of . 
thefe gigantic and volcanic clouds, befides . ae, 
lightning, both during this eruption and that of 
1779, the author adds’ hephads with many. others, 
feen balls of fire iffue, and fome of a confiderable | 

_magnitude, which burfting in the air,. produced. 
nearly the fame effect as that from the air. balloons: 
in fire-works, the eleétric fire that came out having; 
the appearance of the ferpents with which thofe 

fire-work balloons are often filled. The day on 
which Naples was in the greateft danger from the 
volcanic clouds, two aa balls of pa joined to- 
gether by a fmall link like a chain-fhot, fell clofe 
to his Cafino at Pofilipo ; they feparated, and one 
fell in the vineyard above the houfe, and the other 
in the fea, fo clofe to it that he heard the fplath 
in the water.. The Abbé Tata, in his printed ac- 
count of this eruption, mentions an enormous ball 
of this kind which flew out of the crater of. Vefu+ 
yius while he was ftanding on the edge of it,.and” 
which burft in the air at fome diftance from. the 
‘mountain, foon after which he heard, a noife like 


5 ree, che ae 


Chap. 45.] . Coufternation of the Inhabitants, - 533 
the fall of a number of ftones, or of a heavy fhower 
of hail. During: the eruption of the rsth at night, 
few of the Inhabitants of Naples, from the dread of 
earthquakes, ventured to go to their beds. The 
common people were either employed in devout: 
proceffions in the ftreets, or were fleeping on the 
_ quays and open places; the nobility and gentry, 
having caufed their horfes to be taken from their 
carriages, flept in them in the {quares and open 
places, or on the high roads juft out of the town. 
For feveral days, while the volcanic ftorms of thun- 
der and lightning lafted, the inhabitants at the foot 
of the volcano, both on the fea fide and the Somma 
fide, were often fenfible of a tremor in the earth, 
as well as of the concuffions in the air, but at Na- 
ples only the earthquakes of the rath and 15th of 
June were diftinctly and ‘univerfally felt: this fair 
_ city could not certainly have refifted, had not thofe 
earthquakes ‘been fortunately of a fhort dura- 
tion. “Throughout this eruption, which continued 
in force about ten days, the fever of the mountain, 
as has been remarked in former eruptions, fhowed 
itfelf'to-be in fome meafure periodical, and gene- 
rally was moft violent at the break of day, at noon, 
in at midnight. :: 
~ About fue o'clock in the morning of the 16th, 
aie crater of Vefuvius began to fhow figns of being 
open, by fome black ae iffuing out ofit; and at 
day-break another fmoke, tinged “with red, iffuing 
from an opening near the crater, ‘but on the ether 


vse fide of the mountain, and facing tl the town of Ottai- 
| andy 
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as hich rat dohidehible divack afi es iffued, pe 
ce with great velocity: through a wood, which it~ 
burnt; ia having run about three miles ina few 
hours it ftopped before: it had arrived at the vine- 
yards and cultivated. lands. ‘The crater, and all the 
conical part of Vefuvius, was foon involved in 
| clouds and darknefs, and fo it remained for feveral 
~ days sae above thefe fea although of a ~ 


a 


ry or volcanic iaiuinia was Pa: vifible, even : 
en the day 1 ti €. wie five o’clock in the morn- — 
i ing o of the 16t , the lava which had firft broken out — 
fr om. the fevera new mouths on the fouth fide of - 
5 2 in; had reached the fea, and wasrunning 
i PE OMe whelmed, burnt, and deftroyed 
part of Torre del Greco, the principal” 
a having taken its courfe through the | 
very center be the town (fee plate II.) *. They | 
obferved fror Naples, that when the lava was in the 
vineyards in its way to the town, there iffued often, 
and in different parts of it, a bright pale fame, and 
very different. from the deep fed of the lava; this 
was occafioned by the — of the trees that 

| i 
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# sachin view. was ‘taken from a boat on the fom near hee 
town, about five i in the morning of the 16th of June, and while 
the Java was ftill advancing i in the fez. The rocks, on which a | 
are two figures near the boat, were formed by a lavathatraa 
into the fea durin g a former ‘eruption of Mount Vefuvius. — 
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fupported the vines. ‘Soon after the beginning of 
this eruption, afhes fell thick at the foot of the 
mountain, all the way from Portici to the Torre 
del Greco; and what is remarkable, although 
there wére not at that time any clouds in the air, 
except thofe of fmoke from the mountain, the afhes - 
were wet, and accompanied with large drops of 
water, which were to the tafte very falt; the road, 
which is paved, was as wet as if there had been a 
heavy fhower of rain. Thofe afhes were black and 
coarfe, like the fand of the fea-fhore, whereas thofe 
that fellthere, and at Naples fome days after, were 
of a light-grey colour, and as fine as Spanifh fnuff, 
‘or powdered bark. They contained many faline 
particles; thofe afhes that lay on the ground, ex- 
pofed to the burning fun, had a coat af the whiteft 
powder on their furface, which to the tafte was 
extremely falt and pungent. In the printed account 
of the eruption by Emanuel Scotti, doctor of phyfic 
and profeffor of philofophy in the univerfity of 
Naples, he fuppofes (which appears to be highly 
probable) that the water which acco: npanied the 
fall of the afhes at the beginning of the eruption, 
was produced by the mixture rl the inflammable 
and dephlogifticated air. | 
_ By the time that the lava had reached the fea, 
between five and fix o’clock in the morning of the 
16th, Vefuvius was fo, completely involved jin 
darknefs, that the violent operation of nature that 
was going on there could no longer be difcerned, 
and fo it remained for feveral days; but the dread- 
ful noife, and the red tinge on the clouds over the 
Wor, II. CG Ne top 
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top of the mountain; were evident figns of the 


activity of the fire. .anderneath. |The lava ran- 


but flowly at Torre del Greco after it had reached 
the fea; and on the 17th of June in the morn- 


ing, its courfe. was. ftopped,’ excepting that at 


times a little rivulet of liquid fire iffued from under 
the fmoaking fcoriz into.the fea, and. caufed, 4: hif- 
fing noife, and a white vapour fmoke; at other 
times, a quantity of large feoria were pufhed off 
the furface of the body of the lava into the fea, dif- 
covering that it was redhot under that furface ; and 
‘even to the latter end of Auguft the center of the 
thickeft part of the lava that covered the town re- 
tained its.red heat. The breadth of the lava that 
ran iato the fea, and formed a new promontory 
there, after having deftroyed the createft -part ‘of 
the town of Torre del Greco, having been exactly 
meafured by the duke della ‘Torre, is of Englifh 
fect 1204. Its height above the fea is twelve feet, 
and as many feet under, water; fo that its whole 
height is twenty-four feet; it extends into the fea 
626 feet. The fea water was boiling asin a caul-+ 
~dron, where it wafhed the foot of thes new for med - 
promontory : and although our author was at leaft 
a hundred. yards from. it, obferving-that the fea 
fmoked near his boat, he put. his. hand’ into the 
water, which. was literally fcalded; and_ by this 
time nis boatmen.oblerved.that the pitch from the 
bottom of the boat was melting faft, and floating on 
the. furface of the fea, and that the boat began to 
leak ; he therefore retired haftily from this fpot, and 
landed at fome. diftance from the hot lava. ‘The 


town 


ahs 
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town of Torre/del Greco contained about 18,000 
inhabitants, all of whom “(except about 15, who 
from either age’ or infirmity cotild not be moved, 
and were cverwhelmed by the lava in their houfes) 
efcaped either to Caftel-a-mare, which’ was the ah- 
cient Stabiz,’ or to Naples; but the rapid progress 
of the lava was fuch, “after it had altered its courfe 
from Refina, which town it ‘firft threatened, and 
had joined a: frefh lava that iffued from one of the 
new mouths in! a vineyard, about a mile from the 
town, that it ran like’a ‘torrent over the town of 
Torre del Greco, ‘allowing the unfortunate inhabi- 
tants’ {carcely time to fave their lives; their goods 
and effects were totally abandoned; and indeed feve-. 
‘ral of the inhabitants, whofe houfes had been fur- 
rounded with lava while they remained in them, 
cicaped from them, and faved their lives the follow- 
ing day, by coming out of the tops of their houfes, 
and walking over the fcorie on the furface of the 
redhot lava. Five or fix old nuns were taken out 
of a convent in this manner, on the r6th of ‘June, 
and carried over the hot lava; their ftupidity was 
fueh, as netto have been the leaft alarmed, or fen- 
fible of their danger: one of upwards of ninety 
years of agé was found actually warming herfelf at a 
point of vedhor lava, which touched the window of 
"her cell, and which fhe faid was very comfortable ; 
and though now apprized of their danger, they were 
fill very unwilling to leave the convent, in which- 
they had been- fut up almoft from their infancy, 
their ideas being as limited as the {pace they inha- 
bited. Having been defired to pack up whatever 

Cc2 they 
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they had that was moft valuable, they all loaded 
themfelves with bifcuits and fweetmfeats, and it 
was but by accident it was difcovered that they had 
left a fum of money behind them, which was re+ 
covered for them. | 

‘The Java paffed over the center and beft yeas : 
of the town; no part of the cathedral remained. 
above it, except the upper part of a {quare brick 
tower, in which were the bells; and it is a curious 
circumftance, that thofe bells, although they were: 
neither cracked nor melted, were deprived of their: 
tone as much as if they had been cracked. When 

the lava firft entered the fea, it threw up the water . 
to a prodigious height ; and particularly when two. 
points of lava met and inclofed a pool: of water, 
that water was thrown up with great violence, and 
a loud report: at this time, as well as the. day after 
alfo, a great many boiled fifh were feen feape. on 
the furface of the fea. 

The lava over the cathedral, and in other parts 
of the town, is faid to be upwards of forty feet in 
thicknefs; the general height. of the lava during i its 
whole courfe was about twelve feet, and in fome 
parts not lefs than a mile in breadth. 

When Sir William Hamilton vifited it on. a 
17th of June, the tops of the houfes were juft vifi-- 
ble here and there in fome parts, and the timbers 
within ftill burning caufed a bright flame to iffue 
out of the (eae: in other parts, the fulphur and | 
falts exhaled.in a white fmoke from the lava, form-. 
ing a white or yellow cruft on the {coriz! round the 
A es where it iffued with the greateft force. He often: 

MG aS See 
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heard little explofions, and faw that they blew up, 
like little mines, fragments of the fcorie and afhes 
into the air; thefe he fuppofes to have beén occa- 
fioned either by rarefied air in confined cellars, or, 
perhaps, by {mall portions of gunpowder taking fire, 
as few in that country are without a gun and fome 
- little portion of gunpowder in their houfes. As the 
church feafts there are. ufually attended with fire- 
works and crackers, a firework-maker of the town 
had a very great quantity of fireworks ready made 
for an approaching feaft, and fome gunpowder, all] 
of which had been fhut up in his houfe by the lava, 
‘ apart of which had even entered one of the rooms ; 
yet he actually faved all his fireworks and gunpow- 
der fome days after, by carrying them fafely over 
the fcoriz of the lava, that was redhot underneath. 
The heat in the ftreets of the town, at this time, 
was fo great as to raife the thermometer to very 
near one hundred degrees, and clofe to the hot lava 
it rofe much higher. Sir William remarked in 
his way home, that there was a much greater 
quantity of the petroleum fioating on the furface of 
the fea, and diffufing a very ftrong and offenfive 
fmell, than was ufual; for at all times in calms, 
patches of this bituminous oil are to be feen float- 
ing on the furface of the fea between Portici and_ 
Naples, and particularly oppofite a village called 
Pietra Bianca. The minute afhes continued falling 
at Naples; and the mountain, totally ob{cured by 
them, continued to alarm the inhabitants oh re- 
elias loud Secsesssiet | 
sh wee Bic. Mon 
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On Wednefday June 18, the wind having for a 
Short fpace of time cleared away. the thick cloud 
from the top of Vefuvius, it was now difcovered 
that a great part of its crater, particularly on the 
welt fide oppofite Naples, had fallen in, which it 
probably did about four o’clock in the morning of 
that day, asa violent fhock of an earthquake was 
felt at that moment at Refina, and other parts 
fituate at the foat of the volcano.’ The clouds of 
{moke, mixed with the afhes, were of fuch a denfity 
_as to appear to have the ereateft difficulty in forcing 
their paffage. out ofthe now widely’ extended 
mouth of Vefuvius, which certainly, fince the top 
fell in, cannot be much fhort of two miles in cir: 
cumference. One cloud heaped on another, and 
fucceeding one another inceffantly, formed in a — 

few hours fuch a gigantic and elevated column of - 

the darkeft hue ‘over the mouritain, as feemed. 


to threaten Naples with immediate deftruction, — 


having at one time been bent over the city, and 
appearing to. be much too maffive and ponderous — 
~ to remain long fufpended in the air; it was be- — 
fides, replete with the ferilli, or voleanic lightning, | 
which was ftronger than. common lightning, 
juft as Pliny the younger defcribes it in one of — 
his letters to Tacitus, when he fays fulgoribus 
ille et Pree miles ¢ majores ta (See plate HI.)-. 


Vefuvius q 


* This view was taken from Naples, and gives a very good ce 


idea of the appearance of Moynt Vefuvius, like a molehill, in 
comparifon of the enormous mafs that hung over it.—The black 
lines fhow the form of the top of Vefuvius, as it was before this 
ks eruption, a and when the cratei was only the w idth of the upper 
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Vefuvius was at this time completely covered, 
as were all the old black lavas, with a thick coat of 
thofe fine light-grey afhes already fallen, which 
eave it a cold and-horrid appearance; and in com- 
pili of the abovementioned enormous mafs of 
clouds, which certainly, however it may contradict 
our idea'of the extenfion of our atmofphere, rofe 

many miles above the mountain, it appeared like a 
molehill, although the perpendicular height of 
Vefuvius, from the level of the fea, is more than 
three thoufand fix hundred feet. The abbé Bracs 
cini, as appears in his printed account of the erup- 
tion of Mount Vefuvius in 1631, meafured with 
a quadrant the elevation of a mafs of clouds of the 
fame nature, that was formed over Vefuvius during 
that great eruption, and found it to exceed thirty 
miles in height. Dr. Scotti, in his printed account. 
of this eruption, fays, that the height of this threat- 
ning cloud of fmoke and afhes, meafured from 
Naples, was found to be of an elevation of thirty 
degrees, . 

hs ftorms ef thunder and lightning, attended at 
times with heavy falls of rain and afhes, caufing 
the mott deftructive torrents of water and glutinous 
mud, mixed with huge ftones, and trees torn up by 
the roots, continued more or lefs to afflict the in- 
habitants on both fides of the voleang until the 
7th of July, when the laft torrent deftroyed many 
hundred acres of cultivated land, between the towns 


“fine. On the fide of the mountain jis reprefented the {pot 
whence the Java firit iffued on the rgth of Juné,, with its courfe 
to Torre del Greco and the fea. 


Cea of 
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of Torre del Greco and Torre del? Annunziata. 
Some of thefe torrents, both on the fea fide and the 
Somma fide’ of the mountain, came down with a 
horrid rufhing noife; and fome of them, after hav- 
ing forced their way through the narrow gullies of 
the mountain, rofe to the height of more than 
twenty feet, and were near half a mile in extent. 
The mud, of which the torrents were compofed, 
being a kind of natural mortar, completely cafed 
up and ruined fome thoufand acres of tich vine- 
yards; for it foon becomes fo hard, that pice: 
lefs than a pickaxe can break it up. - 

The laudable curiofity of our author snihoenh, 
him to go upon Mount Vefuvius, as foon as it was 
confiftent with any degree of prudence, which was 
not until the 3oth of June, and even then it was 
attended with fome rifk. The crater of Vefuvius, 
except at fhort intervals, had been continually ob= 
{cured by the volcanic clouds from the 16th, and 
was fo on that day, with frequent flathes of light- 
ning playing in thofe clouds, and attended as foal 
| Oe a noife lixe thunder; and the fine afhes were 
fiill falling on Vefuvius, but ftill more on the moun- 
tain of Somma. Sir William went up the ufual 
way by Refina, and obferved, in his way through 
that’ village, that many of the ftones of the pave- 
ment had been loofened, and were deranged by the 
earthquakes, particularly by that of the 18th, which 
attended the falling in of the crater of the volcano, 
_and which had frente violent as to throw many 
people down, and obliged all the inhabitants of: 
Refina to quit their bantgs haftily, to which they 

did 
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did not dare return for two days. The leaves of 


all the vines were burnt by the afhes that had fallen 
on them, and many of the vines themielxes were 
buried under the afhes, and great branches of the 
trees that fupported them had been torn off by 
their weight. In fhort, nothing but ruin and defo- 
lation was to befeen. ‘The afhes at the foot of the 
mountain were about ten or twelve inches thick on 
the furface of the earth, but in proportion as he 
afcended, their thicknefs increafed to feveral feet, 
not lefs than nine or ten infome parts; fo that the 
furface of the old rugged lavas, that before was 
almoft impracticable, was now become a perfect 
plain, over which he walked with the greatelt 
eafe. The afhes were of a light-grey colour, and 
exceedingly fine, fo that by the footfteps being 
marked on them as on fnow, he learnt that three 
{mall parties had been up before him, He faw 
likewiie the track of a fox, which appeared to have 
_ been quite bewildered, to judge from the many 
turns he had made. Even the traces of lizards and 
other little animals, and of infects, were vifible on 
thefe fine afhes. Sir William and his companion 
afcended to the fpot whence the lava of the rth’ 
firft iffued, and followed the cour’e of it, which 
was {till very hot (although covered with fucha 
thick coat of afhes) quite down to the fea at Torre 
del Greco, which is more than five miles. It was 
not poffible to get up to the great oratch of Vefu- 
vius, nor had any one yet attempted it. The horrid» 
chafms that exifted from the fpot where. the late 
eruption, firft took place, in a ftrait line for near 
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two miles toward the -fea, cannor be’ imagined: 
They formed: vallies more. than two huadred 
feet deep, and: from: half a mile to-a mile wide; 
and. where the ‘fountains of fiery: matter exifted 
during the eruption, were littl -mountains: with 
deep craters. ‘Ten thouland’men, im as many 
years, could not-make fuch an alteration on the 
face’ of Vefuvius. » Except the exhalations of ful-- . 
phureous and vitriolic vapours, which broke. out 
from different {pots of the line abovementioned, 
and tinged the furface of the afhes and feoriz in 
thofe-parts with either a deep or pale-yellow, with 
a reddifh ochre colour, er a bright white, and in 
fome parts with a deep green and azure blue (fo 
that the whole together had the effeét of an iris)-all 
had..the appearance of a fandy defart. Our adven- 
turers then went on the top of feven of the moft 
confiderable of the new-formed mountains, and 
looked into their craters, which on fome of them 
appeared to be little fhort of half a mile in cireum 
ference; and although the extenor perpendicular 
height of any of them did not exceed two hundred 
feet, the depth of their inverted cone within was 
three times as great.. It would not have been 
poli ble tohave breathed on thefe new mountains near 
their craters,’ if they had not taken the precaution 
of tying a doubled handkerchief-over their mouths - 
and noftrilss:and-even with that phic they 
could not refit long, the fumes of the vitriolic acid 
were fo exceedingly: penetratine, and of fuch a fuf- 
focating quality.".» They found in one a double 
‘crater, like two funnels:joined together; and in all 

there 
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there was fome little {moke and depofitions of {aits 
and fulphurs, of the various colours abovemen- 
tioned, juft as:is commonly feen adhering to the 
Anner walls of the principal crater of Vefuvius. 
Two or three days after they had heen there, 
one of the new mouths, into which they had looked, 
fuddenly made a great explofion of ftones, fmoke, 
and afhes, which would certainly have proved fatal 
to any one who might unfortunately have been there 
at the time of the explofion. We read of a like 
accident having proved fatal to more than twenty 
people, who had the curiofity to look into the cra- 
ter of the Monte Nuovo, near Pozzuoli, a few 
days after its formation, in the year 1538. The 
rsth of Auguft, Sir William faw a fudden explo- 
fion of GHoke and afhes thrown to an extreme 
height out of the great crater of Vefuvius, that muft 
_have deftroyed any one within half a mile of. it; 
and yet on the 1gth of July a party not only had 
‘vifited that_crater, but had defcended 170 feet 
within it. While they were on the mountain, two 
whirlwinds, exactly like thofe that form water-f{pouts 
at fea, made their appearance ; and one of them, 
which was very néar, made a ftrange rufhing noife, 
and having taken up a great quantity of the fine 
athes, forrned them into an elevated fpiral column, 
which, with a whirling motion and great rapidity, 
was carried toward the mountain-of Somma, where 
it broke and was difperfed. One of our author's 
fervants, employed in collesting of fulphur, or fal 
ammoniac, which cryftallizes near the fumaroli, as 
ghey arg called (and which are the fpots whence the 
| hot 
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hot vapour iffues out of the frefh lavas) found, to his 
great furprize, an exceeding cold wind iffue from a 
fiffure very near the hot fumaroli upon his’ leg. fn 
a vineyard not in the fame line with the new-formed 
mountains jult deferibed, but in ‘a right line from 
them, at the diftance of little more chai a mile from 
Torre del Greco, they found three or four more of 
thefe new-formed mountains with craters, -out of 
which the lava flowed, and by uniting , with the 
ftreams that came from, the higher mouths, and 
adding to their heat and fluidity, “enabled the whole 
current 'to make fo rapid a progrefs over the unfor- 
 tunate town, as fcarcely to allow its inhabitants fuf- 
ficient time to efcape with their livés. The rich 
vineyards belonging to the Torre del Greco, and 
which produced the wine called Lacrima Chrifti, 
that have been buried, and are totally deftroyed by | 
this lava, confifted of more than three thoufand 

acres; but the deftruétion of the vineyards by the 
torrents of mud and water, at the foot of the moun- 

tain.of Somma, was much more extenfive. 

In that part of the country, the firft figns of a 
torrent that our author met with, was near the vil- 
lage of the Madonna dell’ Arco, and he paffed feve- 
ral others between that and the town of Ottaiano ; 
one near Trochia, and two near the town of Som- 
ma, were the moft confiderable, and.not lefs thana 
quarter of a mile in breadth; and, according to 
the teftimony. of eye-witneffes, when they poured 
down from the mountain of Somma, \they were 
from twenty to. thirty feet high; the matter of thefe_ 
_ torrents was a liquid glutinous mud, compofed of 
{corie, 
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feorie, afhes, ftones (fome of an enormous fize) 
mixed with trees that had been‘ torn up by the roots. 
Such torrents, as it may well be imagined, were 
irrefiftible, and carried all before thei; houfes, 
walls, trees, and not lefs than four thoufand fheep 
and other cattle. At Somma, a team of eight oxen, 
which were drawing a large timber tree, were at 
once carried off, and never were heard of more. 

The appearance of thefe torrents was like’ that 
of all other torrents in mountainous countries, ex- 
cept that what had been: mud was become a perfect, 
cement, on which nothing lefs than a pickaxe could 
make ahy impreffion. | "Phe: vineyards and culti- 
vated lands weré here much rhore ruined; and the 
_limbé of the trees much more torn by the weight of 
the afhes, than thofe which have been ‘already de- 
{cribed on the fea fide of the volcano. 

~The abbé Tata, in his printed account of this 
eruption, has given a godd idea of the abundance, 
the great weight, and glutinous quality of thefe afhes, 
when he fays, that having taken a branch from a fig- 
tree ftill ftanding near the town of Somma, on 
which were only fix leaves, and two little unripe 
figs, and having weighed it with the afhes attached 
to it, he found it to be thirty-one ounces; when 
havine wafhed off the volcanic matter, it fcarcely 
weighed three. . 

In the town of Somma, our author found Gare 
ehurches and. about’ feventy houfes without roofs, 
and full of afhes. The great damage on that fide 
of the mountain, by the fall of the afhes and the tor~ 
rents, happened on the 18th, rgth, and 2oth of 

June, 
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June; and on the rath of July.. .The. agth, the 
afhes fell fo thick at Somma,. that. unlefs a perfor. 
_kept.in motion, he ‘was foon, fixed to the ground by 
them. This fall of athes was accompanied alfo™ 
with loud reports, and frequent flathes of the volea-. 
nic lightning, fo that, furrounded by fo many. hor 
rors, it was impoflible for the inhabitants to remain 
in the town, and they all fled; the darknefs was fuch, | 
although it was mid-day, that even with the help of a 
torches it was fearcely poffible to keep i in the high. 
road. On the 16th of July, fignor Guifeppe Sacco 
went up to the crater, and, according to his, account, 
which has been. printed at Naples, pt vs crater 1s. of 
an irregular oval form, and, as he fuppofes (not. 
having been able to. meafure it) of about a mile 
and a half in circumference; the infide, as ufual, in 
_the fhape of an inverted cone, the inner walls of 
which on the eaftern fide are perpendicular; but on 
the weftern fide. of the crater, which is much lower, 
the defcent was practicable, and Sacco with fome. 
of his companions actually went down one hundred 
and feventy-fix palms, from which {fpot, having 
lowered a cord with a ftone tied to. it, they found, 
the whole depth of the crater to be about five hun- 
dred palms. But fuch obfervations on the crater 
of Vefuvius are of little confequence, as both its 
form and apparent depth are fubjeét to- great alte-. 
rations from day to day. | 
The 22d. of | July, one of the new craters, 
-which isthe neareft tothe town of Torre del Greco, ~ 
threw up bath fire and fmoke, which circumftance, 
addled to that of the | lava’s retaining its heat,much — 
Jonger 
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donger'than ufual, . feemed to indicate that there was 

ftill fome fermentation under that part of the vol- 
cane. ‘The lava in cooling often cracks, and caufes 
aloudexplofion, jutt'as the ice does in the glaciers 
in Swiflerland; {uch reports were frequently heard - 
at this mme at the Torre del Greco ; ; and a vapour 
was often feen to iffue from the body of the lava, 
and taking fire in air, fall like thofe’ meteors vulgarly 
called falling ttars. | 

The darkneis occafioned by the fall of the afhes 
in the Campagna Felice extended itfelf, and varied, 
according to the prevailing winds. Om the 19th of | 
June it was fo dark at Caterta, which is fifteen 
miles from Naples, as to oblige the inhabitants to 
hight candles at mid-day ; and one day, during the 
eruption, the darknefs {pread ovér Beneventum, 
which is thirty miles from Vefuvius. . 

The archbifhop of Taranto, ina letter to Naples, 
and dated from that city‘the 18th of June, cbferves, 
€ We are involved in a.thick cloud of minute vol- 
canic afhes, and we imagine that there mult be a 
great eruption either of Mount Etna, or of Strom- 
boli.” The bifhop did not dream of their having 
proceeded from Vefuvius, which is about two hun- 
dred and fifty miles fom Taranto. A thes alfo fel, 
during the late erupticn, at the very extremity of the 
province of Lecce, which is ftill farther off; at Mar- 
tino, near Taranto, a houfe was ftruck and much 
_ damaged: by the lightning from one of the clouds. 
In the accounts of the great eruption of Vefuvius in 
1631, mention is made of the extenfive progrefs of 
the afhes from Vefuvius, and of the damage done 
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by the ferilli, or volcanic lightning, which attended 
them. in their courfe. . 
Our author in this place mentions a very extra- 
ordinary circumftance, which happened near Sienna, 
on the Tufcan ftate, about eighteen hours after the 
commencement of the late eruption of Vefuvius on 
the 15th of June, although he adds, that pheenome- 
non mutt have no a to the eruption; it was - 
communicated.to him in the following words by 
the earl of Briftol, bifhop of Derry, in a letter dated 
from Sienna, July 12, 1794: ‘In the midft ofa. 
moft violent thunder-ftorm, about a dozen ftones of 
various weights and dimenfions fell-at the feet of 
different people, men, women, and children; the 
ftones are of a Bes not found in any part of the 
Siennefe territory; they fell about eighteen hours 
after the enormous eruption of Vora which 
circumftance leaves a choice of difficulties in the - 
folution of this extraordinary phenomenon: either 
thefe ftones have been generated in this igneous 
mats of clouds, which Higa gad fuch Sine thun- 
der, or, which is equally incredible, they were 
thrown from Vefuvius at a diftance of at leaft two 
“hundred and fifty miles; judge then of its parabola.’ 
‘One of the largeft ftones, when entire, weighed 
: upwards of aN pounds. The outfide of every 
{tone that was found, and afcertained to have fallen 
from the cloud near Sienna, was evidently frefhly - 
vitrified, and black, having every fign of having paf- 
fed through an extreme heat; when broken, the 
infide was found of a light-grey colour mixed with 
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black {pots, and fome fhining particles, fuppofed to 
be pyrites. Stones of the fame nature, at leatt as 
far as the eye can judge of them, are frequently 

_fotnd on Mount Vefuvius; and fhould fimilar 
ftones be found, with the fame vitrified coat on 
them, on Mount Vefuvius, the queftion would be 
decided in favour of Vefuvius, unlefs it could be 
proved that there had been, about the time of the 
fall of thefe flones in the Sanefe territory, fome 
nearer opening of the earth, attended with an emil- 
fion of volcanic matter, which might very well hap- 
pen, as the mountain of Radicofani, within ‘fifty. 

miles of Sienna, is certainly volcanic. The cele- 
brated father Ambrogio Soldani, profeffor of ma- 

thematics in the univerfity of Sienna, 1s printing 
there his differtation upon this extraordinary phzeno- 
menon; wherein, it 1s faid, he has decided that 
thofe ftones were generated in the air sey aca | 
of volcanic afiiftanc’: 

Until after the 7th of July, when the laft cloud 
broke over Vefuvius, and formed a tremendous 
torrent of mud, which took its courfe acrofs the Creat 
road between Torre del Greco and the Torre dell’ 

Annunziata, and deftroyed many vineyards, the late 
eruption could not be faid to have finithed, although. 
the force of it was over the 22d of*June. The 
power of attraction in mountains is well known; 
but: whether the attractive power of a volcanic 
mountain is greater than that of any other moun- 
tain, is a queftion. During this laft eruption, how-~ 
ever, it appeared that every watery cloud was evi- 

- dently attracted by Vefuvius, and the fudden diffo- 
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lution of thofe clouds left marks of their deftructive 
power on the face of the country all round the bafis 
of the volcano. Since the mouth of Vefuvius was 
enlarged, our author fays he has feen a great cloud 
paffing over it, and which not only was attracted, 
but was fucked in, and difappeared in a moment. . 

_ After every violent eruption of Mount Vefu- 
vius, we read of damage done by a mephitic va- 
pour, which coming fran under the ancient lavas, 
infinuates itfelf into low places, fuch as the cellars 
and wells of the houfes fituate at the foot of the 
volcano. After the eruption of 1767, there were 
feveral inftances, as in this, of sepa going into 
their cellars at Portici, and other parts of that neigh- 
bourhood, having been ftruck down. by this va- 
pour, and who would have expired if they had not 
been haftily removed. ‘T’hefe occafional vapours, 
or mnofete, are of the fame quality as that permanent 
one in the Grotta del Cane, near the lake of 
Agnano, and which has been proved to be chiefly 
fixed air. The vapours, that in the volcanic lan-. 
guage of Naples, are called fumaroli, are of another 
nature, and iffue from {pots all over the frefh and 
hot lavas while they are cooling ; they are fulphu- 
reous and fuffocating, fo much fo, that often the 
birds which are flying over them are overpowered, 
and fall down dead. Thefe vapours deacnt a crutt 
of fulphur, or falts, particularly of fal ammoniae, on 
the fcoriz of the lava through, which they pafs ; 
and the {mall cryftals of which they are compofed 
are often tinged with deep or pale yellow, with a 
bright red fire cinnabar, and fometimes with green, 
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or an azure blue. After the late eruption, many 
pieces of the fcorize of the frefh lava were found 
powdered with a lucid fubftance, exaétly like the 
brighteft fteel or iron filings. 
The firft appearance of the mofete, after the 
‘late eruption, was onthe 17th of June, when a 
peafant going with an afs to his. vineyard, a little 
above the village of Refina, in a narrow hollow 
way, the afs dropped down, and feemed to be ex- 
piring; the peafant was foon fenfible of the me- 
phitic vapour himfelf, and well knowing its fatal 
effects, dragged the animal out of its influence, 
and it foon recovered. This heavy vapour, when 
expofed to the open air, does not rife much more 
than a foot above the furface of the earth, but when 
it gets into aconfined place, like a ceilar or well, ic 
rifes and fills as any other fluid would do; having 
filled a well, it rifes above it about a foot high, and 
then bending over, falls to the earth, on which it 
{fpreads, always preferving its ufual level, .Where- 
ever this vapour iffues, a wavering in the air is per- 
ceptible, like that which is produced by the burning 
of charcoal; and when it iffues from a fiffure near 
any plants or vegetables, the leaves of thofe plants 
are feen to move, as if they were agitated by a 
gentle wind. It 1s extraordinary, that although 
there doés not appear to be any poifonous quality 
‘in this vapour, which in every reipect refembles 
fixed air, it fhould prove fo very fatal to the vine- 
yards, fome thoufand acres of which were deftroyed 
by it after the late eruption: when it penetrates 
to the roots of the vines, it dries them up, and kills 
Dd 2 the 
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the plant. A peafant in- the neighbourhood of 
Refina, having fuffered by the pie which de- 
ftroyed his reyes in the year 1767, and having 
obferved then that the vapour followed the laws of 
all fluids, made a narrow deep ditch all round his 
vineyard, which communicated with ancient lavas, 
and alfo witha deep cavern under one of them; the 
confequence of his well reafoned operation was, that 
although furrounded by thefe noxious vapours, 
which lay conftagtly at the bottom of his ditch, 
they never entered his vineyard, and his vines were 
in a flourifhing ftate, while thofe of his neighbours 
were perifhing. Upwards of thirteen hundred hares, 
and many pheafants and partridges, overtaken by 
this vapour, were found dead within his Sicilian 
majefty’s referved chafes in the neighbourhood of — 
Vefuvius; and alfo many domeftic cats, who in 
their purfuit after this game fell victims to the mo- 
fete. A fhoal of fifh, of feveral hundred weight, 
having been obferved by fome fifhermen at Refina 
in great agitation on the furface of the fea, near 
fome rocks of an ancient lava that had run into the 
fea, they furrounded them with their nets, and took 
them all with eafe, and afterwards difcovered that 
they had been ftunned by the mephitic vapour, 
which at that time iffued forcibly from underneath 
the ancient lava into the fea. 
~The account of Sir William Hamilton is con-. 
_eluded by two remarks, whiclr as they are curious 
, I fhall infert :— 
1. Within a mile of Caftel-a-mare, the Tee 
were full very active (on Sept. 2.) and particu- 
| larly 
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larly under the fpot where the ancient town of — 

Stabia was fituated. The 24th of Auguft, a young 
Tad by accident falling into a well there that was 
diy, but full of the mephitic vapour, was imme- 
diately fuffocated ; there were no figns of any injury 
- from the fall, as the well was fedfion: This cir- 
ceumftance called to our author’s mind the death of 
the elder Pliny, who moft probably loft his life by 
the fame fort of mephitic- vapours, on this very 
{pot, and which are active after great, eruptions of 
~ Vefavius. 

2. Mr. James, a Britif merchant, affured our 
author, that on Tuefday night, the 17th of June, 
which was the third day of the eruption of Mount 
Vefuvius, he was in a boat with a fail, near Torre 
del Greco, when the minute afhes, fo often’ men- 
tioned, fell thick ; and that in the dark they emit- 
ted a ee light like phofphorus, fo that his hat, 

thofe ‘of the hantcenn: and the part of the fails that 
were covered with afhes, were luminous. Others 
have mentioned the having feen a phofphoric light 
on Vefuvius after this eruption; but until it was 
confirmed to him by Mr. James, he did not chufe 
to fay me thing about 1 ha : 


# See Phil. Tranf, for 1795, p. 73, &c. 


Dd 3 | CHAP. 


\ 


ae [ 406 t [ Book VIL. 


Cg A po LN Ly 


EARTHQUAKES. 


Connefion between Earthquakes and Volcanoes——Earthquanes 
caufed by the Progrefs of Steam between the Strata of the 
Earth —Signs of approaching Earthquakes.—Great Earth- 
quake at Lifoon, in 1755.—Larthquakes in Calabria, in 
U7B Fee 


HE fudden’explofions which take place from 
volcanoes, probably depend on the accefs of 

a quantity of water, which enters through fome 
fiffure communicating with the fea, or which is de- 
rived from other fources in the earth. | If this mafs 
of water is fufficiently great, it will extinguifh the 
volcano ; if not, it will be converted into fteam, the 
expantive force of which far exceeds that cf gun- 
powder. The elaftic fluid, thus formed, either, finds 
vent at the mouth of the volcano, or, if the fuper- 
incumbent weight fhould be too éreat, it will force 
a paflage between the ftrata of the earth, and occa- 
fion that undulatory but fometimes violent motion’ 
which is called an earthquake. From various 
facts demonftrative of the cohefion and elafticity 
of bodies, we are warranted in concluding, that the 
- different ftrata of which the earth is compofed will 
adhere together, and that a freer paffage will be 
afforded to any intervening body. between the 
{trata than directly through them. If the confined 
fire acts directly under a province or town, it will 
) | heave 
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heave the earth perpendicularly upwards, and the 
fhocks will be more fudden and violent. If it acts 
at a diftance, it will raife that tract obliquely, and 
the motion will be more oblique, undulatory, and 
tremulous. 

The great earthquake at Lifbon, in 1755, was - 
felt as far as Scotland, and from the phenomena 
which attended it, it was evident that the ground 
had a waving motion from fouth tonorth. All the 
oblong lakes, that lay from north to fouth, were 
much agitated, the wave commencing at the fouth 
end, whilft all other lakes which lay acrofs, from 
eaft to weft, were much lefs affected. 

The great diftance to which earthquakes extend 
depends on the compreflibility and elafticity of the 
earth, which may be underftood from the vibra- 
tion of the walls of houfes, occafioned by the pafi- 
ing of carriages in the adjacent ftreets. Another 
inftance is the vibration of fteeples by the ringing of 
bells or gufts of wind. The Eddiftone lighthoufe 
often vibrates from the force of the waves which 
beat again{t its foundation. 

Previous to an eruption of Vefuvius the earth 
always trembles, and fubterranequs explofions are 
heard. On the 1ft of November, 1755, the era fo 
fatal to Lifbon, the ifland of Madeira was violently 
fhaken by an earthquake, accompanied with fub- 
terraneous explofions. So thoroughly convinced, in- 
deed, are the inhabitants of volcanic countries of the 
connection between earthquakes and volcanoes, that 
when a great eruption takes place from a volcano, 
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they congratulate themfelves on having clcapag an 
pe tia 
Earthquakes as well as volcanic eruptions are aft 
ways preceded by a viclent agitation of the fea. 
Previous to the breaking out a Vefuvius, the fea 
retires from the aitaehae fhores till the mountain is 
‘burt open, and then it returns with fuch impetu- 
ofity as to overflow its ufual boundary... About an 
hour after the firft fhocks, which alarmed the. city 
of Lifbon in 1755, the fea was obferved to come 
rufhing towards the city like a torrent, though 
auiate both wind and tide; it rofe forty feet 
higher than was ever known, and as fuddenly fub- 
fided. A fhip, fifty leagues off at fea, received fo. 
_violent a fhock as greatly to injure the deck, &c. 
The fame effect was obferved at Cadiz, and at a 
variety of ports throughout the Mediterranean, and, 
indeed, more or lefs, all over Europe. . ast 
That earthquakes are the effect of fteam gene- 
rated within the bowels of the earth, and thar: they 
are produced in the manner which has been defecrib- 
ed, appears highly probable from the quantities of 
{team and boiling water which have occafionally 
been thrown up oy volcanoes in different parts of 
the world. In 1631 and 1698 vaft torrents of 
boiling water flowed from the crater of Vefavius, 
previous to the eruption of fire: and what was, 
perhaps, ftill more remarkable, many fpecies of 
fea-fhells, in a calcined ftate, were found on the 
brink of the crater, and alfo in the channel formed 
by the flood. The fame thing happened at Aétna, — 
in ‘73 S 53 when a dreadful torrent of boiling water 
: flowed. 
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flowed from the crater at the time of an eruption of 
fire. Sir William Hamilton obferves, that the fea- 
fhells emitted along with the water clearly indicate 
a communication with the fea. All warm jprings 
probably receive their heat from the action of py- 
rites, near which the water pafles. 

The following account of the great Lifbon 
earthquake is extracted from a volume of letters, 
publifhed a few years ago by the reverend. Mr, 
Davy : 

¢ There never was a ener morning feen than the 
firft of November (1755) ; the fun fhone out in its 
full iuftre ; the whole face of the fky was perfectly 
ferene and clear, and not the leaft fignal or warn- 
ing of that approaching event, which has made this 
once flourifhing, opulent, and populous city, a fcene 
of the utmoft horror and defolation, except only 
fuch as ferved to alarm, but fcarcely left a mos- 
ment’s time to fly from the general deftruétion. 

‘Tt was on the morning of this fatal day, be- 
tween the hours cf nine and ten,.that I was fat down 
jn my apartment, juft finifhing a letter, when the 
papers and table I was writing on began to tremble 
with a gentile motion, which rather furprized me, 
as J could. not perceive a breath of wind ftirring; 
whilft I was reflecting with myfelf what this could 
be owing to, but without having the leaft appre- 
henfion of the real caufe, the whole houfe began 
to fhake from the very foundation, which at firft I 
imputed to the rattling of feveral coaches in the 
main ftreet, which ufually paffed that way, at this 
time, row et a to the palace ; but on hearken- 

* ing 
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ing more attentively, I was foon undeceived, as I 
found it was owing to a ftrange frightful kind of 
noife under ground, refembling the hollow diftant 


rumbling of th WnGeE all this pated in lefs than a 


a minute, and I muft confefs I now began to be 
alarmed, as it naturally occurred to me, that this 
noife might poffibly be the forerunner of an earth- 
quake, as one I remembered, which had happened 
about fix or feven years ago, in the Ifland of Ma- 
deira, commenced in the fame manner, though it 
did little or no damage. 


‘ Upon this I threw down my pen, and area 


upon my feet, remaining a moment in fufpenfe, 
whether I- fhould ftay in the apartment, or rua 
into the ftreet, as the danger in both places feemed 
equal; and fill Astcey thee my elf that this tremor 
might preduce no cther effects than fuch inconfi- 
derable ones as had been felt at Madeira; but ina 
moment Iwas roufed from my dream, being inftanely 
DAS with a meft horrid crafh, as if every edifice 

n the city had tumbled down at once. The houfe I 
was in fheok with fuch violence, that the. upper 


{tories immediately fell, and th ough he apartment 


Cunieh, was the firft floor) did not then fhare’the’ 


dame fate, yét every thing was ae out of its 
place in fuch a manner, that it was with no fmall 
difficulty | kept my feet, and expected nothing leis 
then to be foon crufhed to iene as the walls con- 

inued rocking to and fro in the frichtfulleft man- 
ner, ‘cpéning in féveral Hae sss hare {tones fall- 
ing herein on every fide fromthe cracks, and the 

ta 
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To add to this! terrifying feene, the fky in a mo- 
ment became fo gloomy, that I could now diftin- 
guifh no particular object; it was an Egyptian 
darknefs indeed, fiich as might be felt; owing, no 
doubt, to the prodigious clouds of duft and lime, 
raifed from fo violent a concuffion, and as fome 
reported, to fulphureous exhalations, but this I can- 
not afirm ; however, it is certain I found myfelf 
almoft choaked for near ten minutes. 

© As foon as the gloom began to difperfe, and the 
violence of the fhock feemed pretty much abated, 
the firft object I perceived in the room was a woman 
fitting on the floor, with .an infant in her arms, all 
covered with duft, pale and trembling ; I afked her 
how fhe got hither: but her confternation was fo 
ereat that fhe could sive me no account of her 
efcape 5 ; I fuppofe, Hat Beaty: the tremor firft began, 
fhe ran out of her own houfe, and finding herfelf in 
fuch i imminent danger from the falling of f itones, re- 
tired into the door of mine, which was almoft con- 
ticuous to her’s, for fhelter, and when the fhock 
rested, which filled the door with duft and rub- 
bifh, ran up ftairs into my apartment, which was 
then open: be it as it might, this was no time for 
curiofity. I remember the poor creature afked 
me, in the utmoft agony, if I did not think that the 
world was at an end ; at the fame time fhe complain- 
ed of being choaked, and begged for God’s fake 
I would procure her a little dr sk upon this I went 
to aclofet where I kept a large jar with water (which 
you know is fometimes a pretty fcarce commodity 
in Lifbon) but finding it broken in bygiae T told her 


fhe 
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fhe muft not now think of quenching her thirft, but 
faving her life, as the houfe was juft: falling on our 
eae. and if a fecond fhock came, would certainly 
bury us both; I bade her take hold of my arm, and 
that I would endeavour to bring her into fome 
place of fecurity. 
~ ©T fhall always look upon it as a particular provi- 
dence, that J happened on this occafion to be undrefl- 
ed, for had I drefied myfelf, as I propofed, when I 
got out of bed, in order to breakfaft with a friend, I 
fhould, in all probability, have run into the ftreet. 
at the beginning of the fhock, as the reft of the’ 
people in the houfe did, and confequently have had 
my brains dafhed out, as every one of them had; 
however, the imminent danger I was in did not 
hinder me from confidering that my prefent drefs, 
only a gown and flippers, would render my getting 
over the ruins almoft impracticable; I had, there- 
fore, ftill prefence of mind enough left toeput on a 
pair of fhoes and a coat, the firft that came in my 
way, which was every thing I faved, and in this 
drefs I hurried down ftairs, the woman with me, 
holding by my arm, and made directly to that end of 
the ftreet which opens to.the Tagus, but finding the 
paflage this way entirely blocked up with the fallen 
houfes to the height of their fecond ftories, I turn- 
ed back to the other end which led into the main 
{treet (the common thoroughfare to the palace) 
and nh raving helped the woman over a vaft heap of 
ruins, with no fmall hazard to my own life, juft as — 
we were going into the ftreet, as there was one part 
I could not well climb over without the affiftance 
: x of 
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of my hands, as well as feet, I defired her to let 
go her hold, which the did, remaining two or three 
feet behind me, at which time eicre fell a vaft 
ftone, from a tottering wall, and crufhed both her 
and the child in pieces: fo difmal a fpeétacle at . 
any other time would have affe€ted me in the 
higheft degree, but the dread I was in of fharing 
the fame fate myfelf, and the many inftances of the 
fame kind which prefented themfelves all around, 
were too fhocking to make me dwell a moment on 
this fingle object. 

“YT had now a long narrow ftreet to pafs, with 
the houfes on each fide four or five ftories high, 
all very old, the greater part, already thrown 
down, or continually falling, and threatening the 
paffengers with inevitable death at every ftep, num- - 
bers of whom lay killed before me, or what I 
thought far more deplorable—fo bruifed and 
wounded that they could not ftir to help them- 
_ felves. For my own part, as deftruction appeared 
to me unavoidable, I only wifhed I might be made 
-an’end of at once, and not have my limbs broken, ° 
in which cafe I could expect nothing elfe but to be 
left upon the fpot, lingering in mifery, like thefe 
poor unhappy wretches, without receiving the leaft 
fuccour from any perfon. 

_ * As felf-prefervation, however, is the firlt law 

of nature, thefe fad thotights did not fo far prevail, 
as to make me totally defpair. I proceeded on as 
' fait as I conveniently could, though with the utmoft 
caution, and having at length got clear of this hor-. 
rid paflage, ‘T found iyfelt fafe and unhurt in the 
large 
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large open {pace. before St. Paul’s church, which 


had been thrown down a few minutes before, and 


buried a great part of the congregation, that was 
generally pretty numerous, this being reckoned one 
of the mofl populous parifhes in vba Here I 
ftood fome time, confidering what I fhould do, and 


not thinking myfelf fafe in this fituation, I came to. 
the peinlation of climbing over the ruins of the weft 
end of the church, in order to get to the river fide, » 


that I might be removed, as far as poffible, from the 
tottering houfes, in cafe of a fecond fhock. 


‘ This, with fome difficulty, I Lcconpi ieee and 
here I found a prodigious concourfe of people, of 


both fexes, and of all ranks and conditions, among 


whom I obferved fome of the principal canons of . 


the patriarchal church, in their purple robes and 
rochets, as thefe all go in the habit of bifhops ; fe-" 
veral priefts who had run from the altars in their 
facerdotal veftments in the midft of their celebrat- 
ing mafs; ladies half drefted, and fome without 
fhoes; all thefe, whom their mutual dangers had here 
aflembled as to a place of fafety, were on their knees 
at prayers, with the terrors of death in their coun-. 
tenances, every one ftrikine his breaft, and crying 
out inceffant! Y> Mife ce. meu Dios. . 
¢ In the mi reat our devotions, the fecond great 
fhock came on, little lefs violent than the firft, and 
completed the ruin of thofe buildings which had 
been already much fhattered.. The confternation 
now became fo univerfal, that the thrieks and cries 
of Miferecordia could be diftinétly heard from the 
top.of St. Catherine’s hill, at a confiderable diftance 
t | off, 
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off, whither a vaft number of people had likewife 
retreated; at the fame time we could hear the fall 
) of the parifh church there, whereby many. perfons 
were killed’on the fpot, and others mortally wound- 
ed. You may judge of the force of this fhock, 
when I inform you, it was fo violent, that I could 
fcarce keep on my knees, but it was attended with 
fome circumftances {till more. dreadful than the 
former.—On a fudden I heard .a-general outcry, 
‘ The fea is coming in, we hail be-all loft. ’—Upon 
this, turning my eyes towards the river, which in 
that place is near four miles broad, I could perceive 
it heaving and {welling in a -moft unaccountable 
manner, as no wind was ftirring ; In an inftant there 
appeared, at fome fmall diftance, a large body of 
water, rifing like a mountain; it came on foam- 
_ing and roaring, and rufhed towards the fhore 
with fuch impetuofity, that we all immediately ran 
for our lives, as faft as poffible ; many were actually 
fwept away, and the reft above their waift in water 
at a good diftance from the banks. For my own 
part, I had the narroweft efcape, and fhould cer- 
tainly have been loft, had I not grafped a laree beam 
that lay on the eround, till the water returned to its 
channel, which it did almoft at the fame. inftant, 
with equal rapidity. As there now appeared at 
leaft as much danger from the fea as:the land, and I 
fcarce knew whither to retire for fhelter, I took a 
fudden refolution of returning back with my cloaths 
all dropping, to the area of St. Paul’s: here I ftood. 
fome time, and obferved the fhips tumbling and 
tofling Brut, as in a violent ftorm; fome had bro- 

wen 
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ken their cables, and were carried to the other fide - 

of the Tagus; others were whirled round with in- 

credible fwiftnefs; feveral large boats were’ turned © 
keel upwards ; and all this without any wind, which — 
feemed the more aftonifhing. It was at the time of - 
which f am now fpeaking, that the fine new quay,” 
built entirely of rough marble, at an immenfe ex- 
pence, was entirely fwallowed up, with all the © 
people. on it, who had fled thither for fatety, and 
had reafon to think themfelves out of danger in 
fuch a place; at the fame time a great number of » 
boats and {mall veffels, anchored near it (all likewife — 
full of people, who had retired thither for the fame 
purpofe) were all fwallowed up, as in a oe 
and never more appeared. 

‘ This laft dreadful incident J -didvnot! Seat 
my own eyes, as it pafled three or four ftones 
throws from the fpot where I then was, bur I had 
the account as here given from feveral mafters ‘of © 
fhips, who were anchored within two or three hun- 
dred yards of the quay, and faw the whole cataftro=: 
phe.. One of them in particular informed me, that | 
when the fecond fhock came on, he could perceive’ ’ 
the whole city waving backwards and forwards, like ~ 
the fea.when the wind firft begins to rife; _that the 
agitation of the carth was fo great even under the — 
river, that it threw ‘up his large anchor from the 
mooring jo which fwam) ‘as “hé termed it, on the: 
furface of the water; that immediately. upon this © 
extraordinary concuffion, the river rofe at once’near 
twenty feet, and in a moment fubfided; at’ “which ; 
inftant he faw the quay, with the whole concourfe 
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of people upon it; fink down, and at the fame time 
every one of the boats and veffels that were near it 
were drawn into the cavity, which hé fuppofes in- 
{tantly clofed upon them, inafmuch as not the leaft 
fien of a wreck was ever feen afterwards; This — 
account you’ may give full credit to, for as to the 
lofs of the veffels; it is confirmed by évery body ; 
and with regard to the-quay; I went myfelf a few 
days after, to convince myfelf of the truth, and 
could ‘not find even the ruins of a place; where I | 
had taken fo many agreeable walks, as this was. 
the common rendezvous of the factory in the cool of 
the evening: I found it all deep water; and in fome 
parts {carcely to be fathomed. 

© This is the only place 1 could Jearm which was 
{wallowed up in or about Lifbon, though I faw 
many large cracks and fiffures in different parts, 
and one odd phenomenon I muft not omit, which 
was communicated to me by a friend who has a 
houfe and wine-cellars on the other fide of the river; 
viz. that the dwelling-houfe being firft terribly fha- 
ken, which made all the family run out, there pre- 
fently fell down a vaft high rock near it, that upon 
this the river rofe and fubfided in the manner al- 
ready mentioned, and immediately a great number 
of fmall fiffures appeared in feveral contiguous 
pieces of ground, whence there fpouted out like 
a jet d eau a large quantity of fine white fand, to 
a prodigious height. 

© I had nev been long in the aréa of St. Paul’s, 
when I felt the third hock, which though fomewhat. 
lefs violent than the two former; the ie rufhed in — 

Vor. Il. Bve* again, 
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again; and retired with the fame rapidity, and I re- 
mained up to my knees: in-water, though. I.had.got- 
ten upon a {mall eminence at fome diftance from 
the: river; with the: ruins of feveral | intervening 
houfés to break its force.» At this timed took no-) 
‘ tice the waters retired fo impetuoufly, that fome vel= 
- fels. were left quite dry, which rode in feven fathom 
water: the river thus continued alternately rufhing 
omand retiring feveral times together, in fuch fort, 
that it was juttly dreaded Lifbon would now meet 
the fame fate, which a few years ago tind: svefalien 
the city of * Lima: 

© Perhaps you may think the sicebeatt dole sis 
jet here concluded; but, alas! the horrors of the, | 

firft'of November; are fufficient to fill a volume. As 
foon as it grew dark, another feene prefented itfelf 
little lefs flicking than thofe already defcribed— 
the whole city appeared in a blaze, which was fo 
bright that I could eafily fee to read by it.. It may 
be faid; without exaggeration, it was’ on-fire at 
leaft in an hundred different places at.once, and. 
thus continued burning for fix days together, with-. 
out intermiffion, or the leaft attempt being: fade to 
{top its progrefs. | 5 aioe hoa 
+I could never ‘learn, that: this terrible Get was: 
owing to any fubterraneous eruption, as fome re-. 
ported; but to.three caufes, which all concurring at» 
the fame. time, will naturally account for the brodi- 
. gious havock it made; the firft of November being 

Aa nia a high feftival Peivpne Abe: Porta. 
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guefe, every altar in every church and chapel 
(fome of which have more than twenty) was illu- 
minated with a number of wax tapers aiid lamps, as 
cultornary; thefe fetting fire to the curtains and 
timber work that fell with the fhock, the confla- 
gration foon fpread to the neighbouring houfes, — 
and being there joined with the fites in the kitchen 
chimnies, increafed to fuch a degree, that it might 
‘eafily have deftroyed the whole city, though no eet 
caufe had concurred; elpecially as it met with no 
interruption. 

¢ But what would appear incredible to you, were 
the fact Jefs public and notorious, is, that a gang of 
hardened villains, who had been confined, ‘and got 
out of prifon when the wall fell, at the firft thock; 
were bufily employed in fetting fire to thofe build- 
ings, which ftood fome chance of efcaping the ge» 
neral deftruction. 
_ © The fire, by fore means of other, may be faid 
to have deftroyed. the whole city, at leaft every 
thing that was gtand or valuable in it; and the 

damage on this aceeiae is not to be eftimated. 
-.. ©The whole number of perfons that perifhed, 
including thofe who wete burnt; or afterwards 
érufhed to death whilft digging in the ruins, is fup- 
pofed, on the loweft calculation, to amount to more 
than fixty thotifand; and though the damage in 
other refpects cannot be rasiieiesienls yet you may 
form fome idea of it; when I affure you, that this 
extenfive and opulent city, is now nothing but a vatt 
heap of ruins, that the rich and poor are at prefent 
wpon a level, fome thoufands of families which but 
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the day before had been eafy 1 in their circumftances, 
being now fcattered about in the fields, wanting 
every conveniency of life, and finding: none able to 
relieve them. : 
« A few days after the firft confternation was over, 
I ventured down into the city, by the fafeft ways 1 
could pick out, to fee if there was a poffibility of © 
getting any thing out of my lodgings, but the ruins 
were now fo augmented by the late fire; that I was 
fo far from being able to diftinguith the ifdividual 
fpot where the houfe ftood, that I could/not even 
diftinguifh the ftreet, amidft the mountains of {tone 
and rubbifh which rofe on every fide. Some days 
after, I ventured down again. with feveral porters, 
who, having long plied in thefe parts of the town, 
were well pels with the fituation of particular 
houfes;- by their affiftance, I at laft difcovered the 
{pot; but was foon convinced, that to dig for any. 
thing there, befides the danger of fuch ani yioenl ik 
would never anfwer the expence. Lone 
€ On both the times when I attempted to ria 
this fruitlefs fearch, efpecially the firft, there came: 
fach an intolerable ftench from the dead bodies, 
that I was ready to faint away, and though i it did 
not feem fo great this laft time, yet it had nearly’. 
been more ‘tat to me, as I contracted a fever by 
it, but of which, God be praifed, I foon got the 
better. However, this made me fo cautious for the 
future, that I avoided paffing near ‘certain places, 
where the ftench was fo exceffive that people began 
to dread an infection: a gentleman*told me, that 
going into dibs towna ate days after the earthquake, 
: ve aeche 
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che faw feveral bodies lying in the ftreets, fome 

- horribly mangled, as he fuppofed, by the dogs, 
others half burnt, fome quite roafted; and that 
In certain places, - particularly near the doors of 
‘churches, they lay in vatt pon piled one upon 
another.’ 

The year 1783 was fatally ar lett by ut defola- 
tion of fome of the moft fertile, moft beautiful, 
-and moft celebrated provinces of Europe.. The 
two Calabrias, .with a part of Sicily, were doomed 
to be a fcene of the moft tremendous, and the moft 
fatal earthquakes. that ever were known, even in 
-thofe volcanic regions. ‘The firft fhock happened 
about noon, on the 5th of February, and was fo 
violent as to involve almoft the whole of Calabria 
inruin. This was but the commencement ofa fuc- 
-ceffion of earthquakes, which beginning from the 
city of Amantea, on the coaft of the Tyrrhene fea, 
proceeded along the weftern coal to Cape Sparti- 
vento, and up the eaftern as far as Cape D’ Alice ; 
during the whole af which {pace not a town was 
left undeftroyed.. 

_ During two years repeated fhocks continued to 
agitate the affrighted minds of the inhabitants of 
Cglabcia and Sicily, but the principal mifchiefs arofe 
- in the months of February and March in the firkt 
year. For feveral months the earth continued in an 
| unceafing tremor, which at certain intervals increaf- 
ed to Rani fhocks,fome of which were beyond de- 
fcription dreadful. _ Thefe fhocks were fometimes 
horizontal, whirling like a vortex ; and fometimes 
by. pulfations or beating from the bottom upwards, 
a | and 
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and were at times fo violent that the heads of the 
largefttrees almoft touched the ground on either fide. 
The rains, during a great part of the time, were cOn- 
tinual and violent, often accompanied with light- 
ning, and furious gufts of wind. All that part of ~— 
Calabria, which lay between the 38th and goth 
degrees, affumed a new appearance. Houfes, 
churches, towns, cities, and villages, were buried 
in One promifcuous ruin. Mountains were detach- 
ed from their foundations, and carr ied toa confider- 
able diftance *. Rivers difappeared from their 
beds, and again returned and overflowed the adjacent 
country t. Streams of water fuddenly gufhed out 
of the ground, and fprang to a confiderable height. 
Large pieces of the furface of the plain, feveral 


* Sir William Hamilton, whofe ardent aid laudable fpirit of 
inquiry occafioned his vifiting Calabria and Sicily during this 
calamitous feafon, accounts for the removal of a mountain of 
about two hundred and fifty” feet in heighth, and about four. 
hundred feet i in diameter at its bafis, from the different nature of 
its inferior and fuperior ftrata, The under part being more folid 
and compaét,-was more ftrongly acted upon by the violent mo-. 
tion of the earth, and the volcanic exhalations, which drove i it 
to the diftance of fome hundred yards from its original fcite, 
"where it lay in confufed blocks, after having left the fuperior 
ftratum, which, with i its trees and vineyards, was carried j in an- 
other direétion to the diftance of four miles. 

+ The fame philofopher accounts for this phenomenon 
by fuppofing the firft impulfe of the earthquake to have — 
come from the bottom upwards, which taifing the furface of the 
ground, the rivers which are not deep muft naturally difappear 5 
but the earth returning again with violence to its former level, 
the rivers muft as naturally return and overflow their banks; at 
the fame time the bogey grounds being fuddenly depreffed, 
would force out the water sage lay hid under their furface. 
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acres in extent, were carried five hundred feet from 
their former fituation down into the bed of the 
river, and left ftanding at nearly the diftance of a 
mile, furrounded by large plantations of olives and 
mulberry trees, and corn growing as well upon them 
as upon the ground from which they were feparated. 
Amidft thefe fcenes of devaftation, the efcapes of 
fome of the unhappy fufferers is extremely wonder- 
ful. Some of the inhabitants of houfes which were. 
thrown to a confiderable diftance, were dug out from - 
their ruins unhurt. But thefe inftances were few, 

and thofe who were fo fortunate as to preferve their 

lives in fuch fituations, were content to purchafe ex- 

iftence at the expence of broken limbs and the moft 

dreadful contufions. 

During this calamitous fcene, it is impoffible to 
conceive the horrors and wretchednefs of the unhappy | 
inhabitants. The Jaws of death were opened to fwal- 
low them up; ruin had feized all their poffeffions, 
and thofe dear connections to which they might 
have looked for confolation in their forrows, were 

» for ever buried in the mercilefs abyfs, All was 
ruin and defolation. Every countenance indicated 
the extremity of affliction and defpair; and the 
whole country formed a wide f{cene of undefcribable 

horror, 

One of the moft remarkable towns which was 
deftroyed was Cafal Nuova, where the Princefs 
Gerace Grimaldi, with more than four thoufand of 
her fubjeéts, perifhed in the fame inftant. An 
inhabitant happening to be on the fummit of 2 
neighbouring hill atthe moment*of the fhock, and 
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looking earneftly back to the refidence of his fa- 
mily, could fee no other remains of it than a white 
cloud which proceeded f from the ruins of the houfes. 
At Bagnara, about three thoufand perfons were 
killed, and not fewer at Radicina and Palma. At 
Terra Nuova four thoufand four hundred perifhedy 
and rather more at Semniari. The inhabitants of 
Scilla efcaped from their houfes on the celebrated 
rock of that name, and, with their prince, defcend- 


ed to a little harbour at the foot of the hill ; but, in 


the courfe of the night, a ftupendous wave, which 
is faid to have been “driven three miles over land, 
on its return {wept away the unfortunate prince, 
with two thoufand four hundred and feventy-three 
of his fubjects. It is computed that not lefs than 


forty. thoufand Berea perithed . by this earth. 


quake. 
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CHAP. 
OF WATER IN GENERAL. 


Water a Compound Body —Three States of W. ‘ater.——Water in afluia 
State.—F lorentine Experiment.—Vapour—LExperiments afcers 
taining the Force of Vapour.—Steam Engine.—Ice.—Phenomena 
of Freexing. —Of Thawing.—Water expanded in the State of 

: Ice. —Immenfe Force exerted by Water on paffing to that State— 
We ‘hy Ice ts not perfeelly tranfparent. 


ATER was univerfally confidered as a 

fimple elementary fubftance till the che- 

mifts of the prefent age proved, by experiments, 

the fubftance of which te been ftated in a preced- 

ing volume *, that it is in reality a compound body. 

Its biridtphes have been afcertained both by com- 

‘pofition and decompofition ; and one.hundred parts 

of water are found to confift of eighty-five parts of 

oxygen, and fifteen of hydrogen, or the bafis of 
inflammable air. 


* Book V. Chap. I. 
This 
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_ This very ufeful and neceffary fluid prefents itfelf 
to our notice in three diftinét forms, namely, in 
its liquid ftate, im the ftate of vapour or fteam, and 
laftly in its frozen ftate. Of thefe I fhall fpeak i in 
thety orden, @ "ory fe sui 

Water, when pure and in its fluid’ ftate, is tranf- 
parent, colourlefs, and without fmell. It adheres ta 
moft bodies which come in contact with it, it per- 
vades porous fubftances, diffolves scummy and faline 
matters, and extinguifhes fire. 

Water, when fluid is not in its moft fimple ftate, 
for its fluidity depends on a certain quantity of ca- 
loric, or the matter of heat, which enters into com- 
bination with it, and infinuating itfelf between the 
particles of the. water, renders them capable of 
moving in all directions. | 

‘We are fupplied with water either from the at- 
mofphere, whence it defcends in the form of rain, 
hail, or fnow, cr from the earth which fends it 
forth in fprings and rivulets. In the former cafe 
the watery exhalations drawn from. the fea, and the 
furface of the earth by the fun’s heat, form clouds, 
whofe particles being afterwards condenfed, fall 
back again in Gis: In the latter, the water 
which h falls on the tops of mountains, and other lofty 
fituations, penetrates the earth, and,. after paffing 
downwards, breaks. forth at fome fiffure or aneiy 
ture at a diftance from its fource. 

- The quantity of water attraéted ftom the fur- 
face of the globe is almoft incredible. Dr. Hal- 
ley has calculated that portion which is yielded by 
, the fea, to be at the. rate of one cubic inch from 

ells | every 
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every ten inches of furface in twelve hours*. To 
form an adequate idea of this, let us fuppofe only 
half the globe to be covered by the fea. The whole - 
furface of the earth being about 25, 7975278 leagues, 
that of the fea will confequently be 12,898,6 39 
Suppofing the evaporation which takes place in 
twelve hours to be that above mentioned, without 
having. any regard to what i is evaporated from the 
whole of the land, or from the fea during the other 
twelve hours, it will be found that the atmofphere 
has taken up no lefS than 20,302,5 3551775834, or 
More than twenty millions of millions of cubic feet 
of water ; j an enormous quantity, and much more 
than fufficient to fupply all the rivers that interfeet 
the different quarters of the globe +. 

What particularly diftinguithes water, and thofe 
fluids which are of a fimilar confiftence, and in 
common language are termed liquids, from thofe 
fubtile fluids which were treated of at large i in the 
preceding volume, is, that the former are not, like 
the others, pofleffed of that Ld seas elafticity 


*” See Bi ithop Watfon’s Calculation, vol. 1. p. 122. 

4 There will poflibly be apparent, 4a this part of the work, 
fome degree of repetition when compared with what was faid 
of vapour in the firftbock. Itwas then neceflary to {pe ak of 
vapour, in explanation of the properties of heat; it is now 
? neceflary to treat of it in connection with the fluid of which it 
is ufually formed 5" and I conceive it better to do this, with the 
ritk of fome repetition, than to refer to a former volume, both 
becaufe i it will ferve more firmly to imprefs on the minds of 
young readers fome of the moft important doétrines of philofo- 
phy: and becaufe what may now appear as repetition; is, in 
this place, mixed with new. fatts,. which could not be pre- 
vioufly introduced. — 

which 
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which admits of the volume of fluid being con- 
denfed into a {mall compafs; but, on the contrary, 
may be confidered as incapable of compreffion, or,at 
leaft are compreffible in a very flight degree. The 
Florentine academicians filled a globe 2 gold with . 
water,and compreffed it with (ia et force; the firft 
effect of this compreffion was, that the ball was con- 
fiderably heated by the emiffion of latent heat from 
the water, and afterwards the fluid forced its way 
through the pores of the gold, or through certain 
cavities, and appeared in drops on the external fur-. 
face. The conclufion, however, which was haftily. 
drawn from this experiment, that water, in its liquid 
ftate, is abfolutely void of. all atte’ is not war 
rantable. Since other, experiments thew that water. 
as well as mercury will yield, in a certain degree, to 
the preffure of the air in a condenfing machine, 
as Mr. Canton proved by including it in a glafs. 
veffel, with a narrow neck or ftem nicely graduated ;_ 
its condenfation appears proportioned to the force, 
and as foon as the preflure of the air is removed, the 
fluid will be obferved gradually to recover Its 2C~., 
cuftomed dimenfions. ~ 
- When water becomes heated toa degree beyond. 
that of the air upon its furface, the. matter of heat, 
which has a conftant propenfity to. diffale itfelf 
equally through all bodies with which it is in con-. 
tact, rifés and carries with it part of the Water, 
which it converts into an claftic fluid or vapour. ; 
Uatil the water, however, arrives at the. boiling 
point, the evaporation is very gradual ; but when . 
this happens’ it becomes” very rapid, and the. part of 
i the 
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the water which is moft heated, being converted 
into vapour,. rifes fuddenly to the furface, and oc- 
cafions confiderable agitation. 

Ebullition requires a determined ‘degree of heat, 
becaufe the fteam cannot be formed within the 
water, unlefs it is ftrong enough to overcome the 
actual preflure of the fluid and air incumbent on 
it. But in ordinary evaporation, the vapour is 
formed at the furface of the water, and has therefore 
no other preffure to overcome than that of the' at- 
mofphere. The elaftic fluid, however, which is 
formed by ordinary evaporation is different from 
that produced by ebullition, for the latter always 
returns to the ftate of water by a diminution of 
temperature, whereas the former is reduced almoft 
to the {tate of a permanently elaftic fluid by mixture 
with air. 

We find that all fluids boil more eafily in pro- 
portion as the preffure of the atmofphere is remov~_ 
ed; whether this is effected by afcending a moun- 
tain, or making ufe of the air pump. M. Lavoifier 
fays, that if the weight of the atmofphere was only. 
equal to between twenty or twenty-four inches ofa 
column of mercury, inftead of twenty-eight inches, 
we fhould never be able to obtain ether in a liquid 
ftate, at leaft in fummer; and that the formation 
of zther muft confequently be impoffible upon 
mountains of a moderate degree of elevation, with- 
out employing extraordinary means of compreffion 
for its condenfation. Upon the whole, it appears. 
moft probable that all bodies are capable of exifting 
in a folid, a liquid, and an aeriform ftate; that the 

5 2 fire 
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frit is. the fool fimple ftate of all bodies, and thaé 
the two others depend on combinations with diffe- 
rent quantities of the matter of heat, of which the 
aeriform {tate requires by far the moft: 

Vapour; as it firft rifes from boiling water; is 

invifible; but as it mixes with the air it is deprived 
of part of its heat, returns to its fluid form, and the 
very minute drops of water which ate produced 
afcend in a copious cloud of a white or light-greé/ 
colour. Vapour is the more readily difcernab e in 
proportion to the coldnefs and humidity of the at- 
mofphere. The clotdy appearance of fteam is 
occafioned by the difficulty with which its particles 
are feparated and diffolved in the atmo{phere; the 
difficulty is increafed in proportion to the coldnefs 
and humidity of the air, and this is the reafon that 
the moifture exhaled with the breath, is s vif ble in 
winter and not in fummer. 
[twas ftated in a former volume, si the estat 
nation of the matter of heat or Caloric, with the 
perticles of water, in that degree which conftitutes 
fteam, rarifies them fo okealuabe as to occafion 
them to cecupy a fpace fome hundred times greater 
than the original bulk of the fluid, and it is that alfo' - 
which volattlizes and enables them to afcend through 
the air; and to overcome its refiftance. 

But when fteam is expofed to a full greater degree 
of heat, its volume is augmented ftill more, confi- 
derably. That heat which makes water boily and. 
which rarifies it only one twenty-fixth, farifies its 
‘vapour to eighteen hundred times the bulk of the 
water which ikea it. This may be very readily 

4. . demonftrated, 
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demontraces, by. taking aclafs tube, at one end of 
which is a bulb. of ‘two inches in diameter, - and 
_ dropping into it a fingle drop of water, the diame- 
ter of which we will fuppofe to be one-tenth of.an - 
inch, The {quares of thefe two {pheres, with regard 
to each other, willbe as 1800 are to one. Upon 
heating the bulb. of the tube over the flame of a 
ipirit lamp, ‘the air will firft be expelled, and after- . 
wards the drop of water will be converted into 
fteam, and. take pofieffion of. the whole of the 
bulb ; as may be proved by. plunging the mouth of 
the tube into, cold water, and fuffering rhe fteam. 
within the bulb to return to its fluid ftate. In this 
cafe, the preffure of the atmofphere will caufe the 
water to rufh into the tube, and to occupy that 
fpace within the bulb, which before was occupied 
by the vapour, and thus the faét will be afcertained. 
If, however, any obftacle is oppofed to. the ex- 
panfive force of fteam, the heat augments its refift- 
ance in a degree proportionate to the augmentation - 
of its volume. The power of refiftance afforded by 
the vapour of. water is prodigious, and has of late 
years been made fubfervient to fome mechanical 
purpofes of the greateft importance. Mutchen- 
brook has proved by experiment, that the force of 
gunpowder is feeble, when compared to that of rifing 
fteam. An hundred and forty pounds of gunpowder 
blew up a weight of thirty thoufand pounds ; but on 
the other ee an hundred and forty pounds of 
water, converted by heat into ‘fteam, lifted a weight 


at feyenty-feven thoufand pounds, and would lift ‘a 
| much 


- 
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much greater, if there were méahs of giving the 
{team greater heat with fafety; for the hatter the 
fteam the greater is ics force. | 

The fteam-engine, to which I had fortnerly occa- 
fion flightly to advert *, is a machine which may be, 
and is occafionally applied to various mechanical 
purpofes where great force is required, but which 
has hitherto been principally ufed to ‘clear mines 
from water, and to raife water to a. proper height 
for the fupply of cities. In thefe cafes, the expan- 
five power of fteam is fo managed as to operate on 
immenfe water puinps, which could not conveniently’ 
be worked by any other means. In order to give 
the reader a fuperficial idea of this machine, let us 
imagine a common pump prepared, and that we 
want to move the handle of this pump upwards by 
the force of fteam only. .'In the firft place, let us’ 
fuppofe, that the handle of the pump, or fomething 
connected to it, was fo contrived as to admit of 
being inferted in the barrel of a gun, or fome cylin= 
drical tube, fet upright over a cauldron cohtaining 
boiling water. Next let us fuppofe, that the fteam 
could be admitted into the tube, through the touch- 
hole, and fo confined as to pafs ante by that way. 
Now as the fire begins to dilate the fteam, a part 
of it will enter the tube by the touch- hole, and this. | 
will prefs up the pump, which is fuppofed to be fo’ 
fitted to the tube as to prevent any part of the fteam 
from efcaping. In ‘this way the pump handle 
would be driven quite out at the mouth of the tube, 


: * See vol.i. p. 110, ah 
but, 
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‘but let us imagine, that before this can happen .a 
valve is opened, which allows a fmall quantity of 
cold water to be fpouted into the tube, which effec- 
tually and inftantaneoufly deftroys, or, more pro- 
perly, condenfes the fteam. The tube being now 
left empty, there is nothing to counteract the pref- 
fure of the atmofphere, which again forces down the 
handle into the tube, into which no fteam is per- 
mitted to enter, on account of a valve which now 
{tops the touch hole-below; but when the handle 
is thus prefled down, the valve below is again open- 
ed, and new fteam entering again preffes the handle 
upward; when the handle comes near the top, 
the fteam is again cooled and condenfed as before, 
and the bandies; is again preffed down by the weight 
ofthe atmofphere. In this manner it is alternately 
driven upwards and downwards by the expanfive 
power of the {team and the preffure of the external 
air, and works the pump with unwearied’affiduity. 

Though the principle, however, is plain, the 
machinery is complex in the fteam engine; but the 
annexed plate 1V. will proharr render it tolerably 
intelhgibie. 

In fig. 1. A reprefents the fire-place under the 
boiler, “for the boiling of the water, and the afh- 
hole below it. 

B, the boiler, filled with water about three feet 
above the bottom, made of iron plates. . 

C, the fteam pipe, through which the fteam 
-paffes from the boiler into the receiver. 


‘Vou. IL. eR £ D, the * 
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1, the receiver, a clofe iron veffel, in which is 
the regulator or fleam-cock, which opens and 
-fhuts'the hole of communication at each ftroke. 
-E, the communication pipe between the réceiver 
and the cylinder; it rifes five or fix inches up, in 
- the infide .of the» cylinder bottom, «to prevent. the 
a injected. water from defcending into the receiver. 
«BY, the cylinder, of caft iron, about ten feet 
long, bored {mooth in the infide ; it has a broad 
~flanch inthe middle onthe outfide, by which it is 
fupported. when hung in the eylinder-beams. 
G, the pifton,. made to fit the cylinder exadtly.: 
it has;acflanch rifing four or five inches upon its 
upper furface, oetiveet which and the fide of the 
-eylinder-a spi junk or oakum is ftuffed, and 
‘kept-down by weights, to prevent,the entrance of 
‘air or: water and the efcapine of fteam » ‘| 
H, the chain and pifton thank, by. which a is: 
connected to the working beam.’ “ 3 
©o1d,: the working béantdt lever sit is inade of 3 
two or more large thib of timber, bent together at 
each -end;: and kept at the diftance of eight or nine 
inches* from each other in the middle by the 
-sudgeon, ‘as reprefented in. the plate. “The -arch- 
heads} 1 1, at the ends, are for giving a perpendicular 
direction to the chains of the Bion and bea 
ANdSR he! WSGE, 3 ; 
K, the pompsrod which works in the {ele 
pump ° . 
Ly ie ‘dtaws the water: from ia bottom of the 
pit toythe ‘furface. © 
| M, ; 
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M, a ciftefn, into which the water drawn out of 
the pit is conducted by a trough; fo as to keep it 
always full; and the fuperfluous water is carried off 
by another trough. 

N, thdojadk- head pump; which is a fueking- 
pump wrought by a fmall lever or working-beam, 
by means af. a chain connected to the Sreat béam 
or lever néar the arch g at the inner endy and the 
pump rod at the outer end. This pump commonly 
ftands near the corner of the front of the houife, and 
raifes the column of water up to the ciftern O, into 
which it is Conduéted by a trough. 

“Oy the jack- head ciftern for fupplying the in- 

jeétion, which is always kept full by the pump N; 
it is fixed fo high as to give the jet a fufficient velo- 
city into the cylinder when the cock is opened: 
This cifterh has a pipe on the oppofite fide for con- 
veying away the fuperfluous water. 

PP, the injection-pipe; of three of four inches 
diameter; which turns up in a Cutve at the lower 
end, &’nd enters the cylinder bottom; it has a thin 
plate of iron upon the end «¢, with three or four 
adjutage holes in it, to prevent the jet_of cold water 
‘of the jack-head ciftern from flying up againft the 
‘pifton, and yet to concenfe the fteam each ftroke, 
when the injection-cock is open. 

e, a valve upon the upper end of the poe 
pipe within the ¢iftern, which is fhut when the en- 
fap not working, to prevent any watte of the water. 

f; a {mall pipe which branches off from the in- 
jection-pipe, and has a fmall cock to fupply the 


pifton with a little water to keep it air-tight. _ 
\ aan f 2 | Q> the 
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Q, the working plug, fufpended by a chain to 
the arch g of the working beam. It is ufually a 
heavy piece of timber, rita a, flit vertically down 
its middle, and holes bored horizontally through i it, 
to receive pins for the purpofe of opening. and 
fhutting the injection | and fteam) cocks, as it af- 
cends and defcends by, the motion of the working 
beam. | | 3 
a ee the handle of the> {team- oat or, ca eintati 
Bian fixed to.the regulator by a fpindle which comes 
up through the top of the receiver... The regulator 
is a circular plate of brafs or caft iron, which is 
moved horizontally by the handle }, and opens or. 
fhuts the communication. at the. lower end of the 
pipe E within the receiver. ,It is isis in 
the plate by a circular dotted lies is 

wn the {panner, which is.a long abd. or mid ee 
iron for communicating motion to the handle of 
the regulator, to which it is fixed by means of a 
flit in the latter, and fome pins put. shaughi to 
fatten it. 

_ &), the vibrating lever, called the ne ea: 
the weight & at one end and two legs at the other 
end. ae is fixed to an horizontal axis,. moveable 
about i its center- pins or pivots mm, by means of the 
‘two thanks op fixed to the fame axis, which are © 
alternately thrown backwards and forwards by 
means of two pins in the working plug; one pin on 
the outfide deprefling the fhank 0, throws the 
loaded end & of the Y from the.cylinder into the 
pofition reprefented i in the plate, and caufes the leg 
; iets fe to 
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I to ftrike againft the end of the {panner, which, 
forcing back the handle of the regulator or fteam 
cock, opens the communication, a permits the 
{team to fly into the cylinder. The pifton imme- 
diately rifing by the admiffion of the fteam, the 
working beam II rifes; which alfo raifes the work- 
ing-plug, and another pin which goes through the 
flit raifes the fhank p, which throws the end & of 
the Y towards the cylinder, and, ftriking the end 
of the fpanner, forces it forward, and fhuts the re- 
eulator fteam-cock. : 

qv, the lever for opening and fhutting the injec- 
tion cock, called the F.. It has two toes for its 
center, which take between them’ the key of the. 
injection cock. When the working-plug has af-, 
cended nearly to its greateft height, and fhut the 
regulator, a pin catches the end g of the F and 
raifes it up, which opens the injection-cock, ad- 
mits a jet of cold water to fly into the cylinder, 
and, condenfing the fteam, makes a vacuum; 
then the preffure of the atmofphere bringing down. 
the piftun in the cylinder, and alfo the plug-frame, 
another pin fixed in it catches the end of the lever 
in its defcent, and, by preffing it down, {huts the 
injection-cock, at the fame time the regulator is 
opened to admit fteam, and fo on alternately; 

when the regulator is fhut the injection is open, and 
when the former is open the latter is fhut. 

-R, the hot-well, a fmall ciftern made of planks, 
which receives al} the wafte water from the cylin- 
ee : * | 
ss Ge 'S, the 
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S, the fink-pit to convey away the water which 
‘is injected into the cylinder. at each ftroke. Its 
upper end is even with the infide of the cylinder 
bottom, its lower end has a lid or cover moveable 
on a hinge, which ferves as a valve to let out the 
injected water, and fhuts clofe each ftroke of the 
engine, to prevent the water being ie up again 
west ihe vacuum js made. Bi 
__T, the feeding-pipe, to fupply the boiler with 

water from the hot-well. It has a cock ‘to let in 

a large or {mall quantity of water, as occafion re- 
quires, to make up for what is evaporated ; ; it goes 
nearly down to the boiler bottom. 

‘U, two gage cocks, the one larger than ue 
other, to try when a proper quantity of water is in 
the boiler: upon opening the cocks, if one gives 
{team and the other water, it is right; ifthey both 
give fteam, there is too little water in the boiler ; 
and if they both give water, there is too much. 

‘'W, aplate which is fcrewed on to a hole on the © 
fide of the boiler, to. allow a paflage into the 
‘boiler for the convenience of eleanihg or repairs 
it. 

X, the fteam-clack or puppet valve, which isa 
brafs valve gn the top of a pipe opening into the 
boiler, to let off the fteam when it is too flrong. 
It is loaded with lead, at the rate of one pound ‘to 
an inch fquare; and when the fteam is nearly 
ftrong enough to keep it open, it will do a had 
baforiettig of ‘the engine. 

ff the minnie valve, by which the air is difcharged 
from the cylinder each ftroke, which was admitted 

mes 
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with the injection, and. would .otherwife obftruct 
the due operation of the engine. 

tt, the cylinder-beams; that: are {trong g joitts 
going through the houfe for fupporting Ba cylin- 
der, | 

v, the cylinder cap of lead, fotetad on the top 
of the cylinder, to prevent the water upon: the 
pifton from flathing over when it nfes too high. 

w, the waite-pipe, which conducts: the ‘Oanek 
fluous water from the top. of the cylinder to the 
hot-well. 
_ & &, iron bars, called the tes pins, fixed. ae 
zontally through .each arch head, to prevent the 
beam defgending too low in cafe the chain Should 
break. ,; 
YJ, two ftrong woaden fprings, to weaken the 
blow. given by he catch pins when the ftroke is 
too lone. i : 

zz, two friction- wheels, on which the gudgeon 
or center of the great beam is hung; they are the 
third or fourth part of a circle, and move a little 
each way as the beam vibrates. heir ufe is to. 
diminifh the friction of the axis, which, in fo heavy 
a lever, would otherwife be very, great. | 

When this engine is to be fet to work, the boiler 
mutt be. filled about three or. four feet deep with 
water, and a large fire made under it; and when 
the fteam is found to be of a fu‘ficient ftrength by 
the puppet-clack, then by thrufting back the 
fpanner, which opens.the regulator or fteam-cock, 
the fteam is admitted into, the cylinder, . which 
raifes the pifton to the top of the cylinder, and: 
| Ff4 forces. - 
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forces out all the air at the fnifting valve;-then by 
turning the key of'the inje€tion-cock, a jet of cold 
water is admitted into the cylinder, which condenfes 
the fteam and makes a vacuum; and the atmo- 
{phere then preffing upon the pifton, forces it down — 
tothe lower part of the cylinder, and makes a 
ftroke by raifing the column of water at the other: 
end of the beam. After two or three ftrokes are. 
made in this manner, by a man opening and fhut- 
ting'the cocks to try if they are right, then the pins 
may be put into the pin-holes in the working: plug, 
and the engine left to turn the cocks we itfelf, 
which it Mail do with greater exadinels than any» 
man can do. : pet re 
Many important improvements have been lately 
made in the {team engine by the ingenious Mr. Watt, 
of Birmingham, He has contr ived to preferve an 
uniform heat in the cylinder ‘of his engines, by fuf- 
fering no cold water to touch it, and by protecting 
it ots the air, or other cold bodies, by a furround-_ 
ing cafe filled witi: fteam, or with hot air or water, — 
and by coating it over with fubftances that tranfmic — 
heat flowly. He makes his vacuum ta approach 
nearly to that of the barometer, by condenfing the 
fteam in a feparate veflel, called the condenfer, 
which may be cooled at pleafure without ‘cooling 
the cylinder, either by ‘an injection of cold watery 
or by furrounding the condenfer with it, and gene- 
rally by both, He extracts the injeétion water 
and detached air from the cylinder or condenfer 
by pumps, which are wrought by the engine 
icfelf, or blews them out by ‘tk fteam. As the 
: entrance 
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entrance “of air into ‘the cylinder would ftop the 
operation of the engines, and as it is hardly to be 
expected that fuch enormous piftons as thofe of 
fteam engines can move up and down, and yet be 
abi folutely tight in the common engines, a ftream 
of water is Pepe always running upon the pifton, - 
which prevents the entry of the air; but this mode 
of fecuring the pilton, though not hurtful in the 
common ones, would be highly prejudicial to the 
new engines. Their piftop is therefore made more 
accurately; and the outer cylinder, having a lid, 
covers it, the fteam is introduced above the pifton; 
and when a vacuum is produced under it, aéts 
upon it by its elafticity, as the atmofphere does 
upon Common engines by its gravity. This way 
of working effectually excludes the air from the 
inner cylinder, and gives the advantage of adding 
to the power, by increafing the elafticity of the: 
{team. 
In Mr. Watt’s enpines: the cylinder, the great 
- beams, the pumps, &c. ftand in’ their ufual po- 
fitions: The cylinder is fiiallér than ufual, in 
proportion to the load, and is very accurately 
bored. | | | 
In the moft complete engines, it is furrounded, 
at a fmall diftance, with another cylinder, furnifhed — 
with a bottom and a lid. The interftice between’ 
the cylinders communicates with the boilers by a 
large pipe, open at both ends, fo that it ts always 
filled with fteam, and thereby maintains the inner 
cylinder always of the fame heat with the fteam, 
and cha any condenfation within it, which 
would 
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would be more detrimental than an equal conden-- 
fation in the outer one. The inner cylinder has.a 
bottom and pifton as ufual; and. as it does not 
reach up quite to the lid of the outer cylinder, the 
fteam in the interftice has always free accefs tothe 
upper fide of the pifton. The lid of. the outer 
cylinder has a hole.in its middle; and the pifton 
rod, which is. truly cylindrical, moves up. and 
down through that hole, which is kept fteam- tight 
by a collar af oakum ferewed down upon if, "At 
the bottom of the inner cylinder, there are two,re- 
gulating valves, one of which admits the fteam to 
pafs from the interftice into the inner cylinder 
below the pifton, or fhuts ‘it out at pleafure ; the 
other opens or fhuts the end of a pipe, which leads 
to the condenfer. Fhe condenfer confifts of one 
or more pumps furnifhed with clacks and buckets 
(nearly the fame as in common pumps) which are 
wrought by chains fattened to the great working 
ey es of the engine. The pipe, ‘which, comes 
from the cylinder, is joined tq the bottom of thefe 
pumps, and the whole condenfer ftands immerfed 
in a ciftern of cold water fupplied by the engine. 
The place. of this ciftern is either within the houfe 
or under the floor, between the cylinder and the ~ 
lever wall; or without the houfe between that wall 
and the engine fhaft, as .conveniency may require. 
The condenfer being exhautted of air by blowing, 
and both the cylinders being filled with fteam, the 
regulating valve which admits the fteam into the 
inner cylinder is fhut,. and the other regulator 
which ec communicates with the ae tT is prong 

| ~-and 


| 
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and the {team rufhes into the vacuum of the con- 
denfer with violence; but there it comes into, 
contact with the cold fides of the pumps and pipes, 
and meets a jet of cold water, which was opened at 
the fame ‘time with the exhauftion reeulator; 
thefe inftantly deprive it of its heat, and reduce it 
to water; and the vacuum’ remaining perfect, 


‘more {team continues to rufh in, and de condenfed 


votl the inner cylincer is exhaufted. Then the 


‘fteam which is above the pifton, ceafing to be 


counteraéted by that which was below it, aéts 


upon the pifton with its whole elafticity, and forces 


it to defcend to the bottom of the cylinder, and fo 
raifes the buckets of the pumps which are hung to 


the other end of the beam. The exhauittion re- 
‘gulator is now fhut, and the fteam one opened 


again, which, by letting in the fteam, allows the 
pifton to be pulled up by the fuperior weight of 


the pump rods; and fo the engine is ready for 


another ftroke. 

But the nature of Mr. Watt’s improvement will 
be perhaps better underftood from the following de- 
fcription of it, as referred to a figure.—T he tinder 
or fteam veffel A, of this engine (fig. 2.) is fhut at 


bottom and opened at top as ufual, and is included 
‘in an outer cylinder or cafe BB, of wood or mecal, 


covered with materials which tran{mit heat flowly. 
This cafe is at a {mall diftance from: the cylinder, 


and clofe at both ends. The cover C has a hole in 


it, through which the pifton rod E flides; and near 
the bottom is another hole F, by which the fteam. 
from the ie has always free entrance into this 

cafe 
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cafe or outer cylinder, and. by. the interftice GG 
between the two cylinders has accefs. to the upper 
fide of the pifton HH. To the bottom of the 
inner cylinder A is joined a pipe-I,, with.ascock or 
valve K, which is opened and:fhut when neceflary, 
and forms a paflage to another veffel L called a con- 
denfer, made of.thin,metal, This veffel is immerfed 
in a ciftern M full of cold water, and it is con- 
trived fo as to expofe,a, very great furface externally 
tothe water, and internally to the fteam. It is alfo 
made air-tight, and has pumps N wrought by the. 
engine, which cepa it always exhaufted.of air and 
water. | 
Both the cylinders A. and BB ‘ep filled with 
fteam, the paflage,.K. is-opened from the inner one™ 
to the condenfer L., into which the fteam Violently 
rofhes by its elafticity, becaufe ¢ chat veflel is ex- 
haufted; but as foon as it enters it, coming into, 
contact with the cold matter of the condenfery” it is 
reduced to water, and the vacuum {till remaining, 
the {team continues to ruth in till the i inner ciieer 
A below the pifton is left empty. The fteam which 
is above the pifton, ceafing to be counteracted by. 
that which is below it, atts upon the pifton HH, | 
and forces it to defcend to the bottom of the cylin-_ 
der, and fo raifes the bucket of the pump by means | 
ofthe lever. The paffage K between the inner cy- 
linder and the condenfer is then thut, and another 
paflage O is opened, which permits the fteam to 
pafs from the outer. cylinder, or from ‘the boiler. 
into the inner cylinder under the pifton; and then 
the fuperior weight of the bucket and pump rods 
pulls 
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pulls down the outer end of the lever or great beam, 
and raifes the pifton, which is ees to the | 
inner end of the fame beam. 

When water is expofed to a cold atmofphere, it 
firft lofes its free caloric, and is reduced in tempera- 
ture, but no part of it begins to freeze till the mais is 
reduced fomewhat below the thirty-fecond degree of 
Fahrenheit’s thermometer; a {mal] quantity of the 
water then becomes folid, which, by changingits ftate, 
fets at liberty a quantity of its combined heat, which 

reftores the water in contact with it to the tempe- 
rature of 32 degrees, or rather above it. The con- 
gelation is therefore ata ftand till this fenfible heat 
is abftraéted by the atmofphere, and the ma{s again 
reduced fomewhat below the thirty-fecond degree. | 
Another portion of water then congeals, and the pro- 
cefs is again ftopped by the emiffion of heat. In this — 
manner congelation pervades the whole mafs, and 
is performed at intervals, which are very obfervable 
when the phenomenon of freezing is accurately at- 
tended to. | | | 
The fame law operates in the paffage of other 
bodies from the ftate of fluids to that of folids, and 
the contrary. Dr. Irvine has fhewn, that when fper- 
maceti and wax are melted, they contain heat in a 
combined or latent ftate. By heating them much 
vabove their point of fluidity, he found that they loft 
their heat very foon, till fome patts became folid ; 
after this they continued of exactly the fame tem- 
perature till the whole became folid, though expof- 
ed all the while to cold air; but when all became 
_ folid they cooled as they did at firft. In the fame 


manner 


‘eo 
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manner water mixed with ice, whatever may be the 


temperature of the furrounding medium, and whé- 
ther the quantity of ice isincreafing or diminifhing, 


always nearly preferves the sesh of”. va = ) 


at 


erees. 
The freezing of water was eee strain to 


the entrance of frigorific particles into that fluid; but 


the above doétrine, founded on the great-difcoveries 
of Dr. Black,:is almoit univerfally deeined fo fatisfac- 
tory as to have left the other, which is:a\mere hy- 
pothefis, fcarcely a fmgle advocate. : Theaugmens 
tation of the bulk of .water in freezing feems:to be 
the only fact which can with reafon »be-alledged 
in fapport of the doGrine of -frigorifié: particles 
but this increafe of ‘builk.is not atterided with any 
increale of weight, and .may be much better ex- 
plained, than by attributing it.to the) addition of 
frigorific particles, which were never) proved; to 
Have any exiftence. 9; 5 Abe SA pa Bh 
The increafe which water acquires. in becoming 
folidis about one-ninth or one-tenth of its whole bulk. 
Boyle took a brais tube, three inches in diameter; 
and put fome water into it; he then brought dowh 
into the tube a. plug with a weight placed at the 
head of it of feventy-four pounds... On expofing 
the tube to the cold, the water freezing and expand+ 
ing itfelf, raifed the feventy-four pounds, The ex 
panfive power of water, in the procefs of freezing, 
was proved by a remarkable expetiment\made in 
Canada. An iron fhell, after Raving its’ mouth. 
well plugged up, was filled up with water and ex+ 
pofed to a fevere froft which prevailed ih-that 
I country. 
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country. The expanfion of the ice forced out the. 
plug, and the water, which inimediately followed, 
_ was frozen into an irregular mafs or column of ice. 
The inftances, however, already mentioned, are far 
lefs ftriking than one defcribed by Mufchenbroéck, 
in which a ball of iron, an inch thick, was butte 
afunder in the courfe of twelve hours by the ex- 
panfive power of froft. That philofopher having 
calculated the force exerted by the freezing of water 
in a fimilar cafe, found it equal to a force capable of 
raifing a weight of twenty-feven thoufand feven hun- 
dred and twenty pounds. That the expanfi ve power 
of freezing water, however, has certain limits, appears 
from the following experiment, made by the Floren- 
tine sede ticidns A brafs globe filled with water, 
and clofed at its orifice by a well-fitted fcrew, was 
immerfed in freezing water, but did not burt; they 
then pared off fuch a quantity of the metalas left the 
fides of the globe unable to refift the expanfion of 
the water; the force which was required to burft 
the globe in this {tate was computed at twenty-feven 
“thoufand pounds. When fuch is the expanfive 
power exerted by water in paffing to the ftate of ice, 
we cannot be furpriged that vefiels, which are left 
filled with water in frofty weather, fhould be burft by 
its freezing, and that the fame thing fhould happen 
to water-pipes expofed to the action of froft. The 
pavement is fometimes loofened from the fame. 
caufe, and in countries where very fevere colds pre- 
vail, the fap of rrées congeals, and their trunks are 
burft afunder with a noife like that of cannon. 
‘ | Froft 
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Froft fertilizes the ground, by loofening. the cohe- } 
fion of the particles of earth. 

As ice is never perfeétly clear or tranfparent, and 
as we find {mall cavities in it, fome have thought 
that the air infinuates itfelf; but this has been refuted 
by water being frozen under an exhaufted receiver, 
and the fame cavities being found in the ice. The - 
2ce, In fact, inftead of béing heavier, was found to 
_be lighters The expanfion of ice, indeed, is evi- 
dently owing to the cryftallization of the water, and 
the. particles afluming a different arrangement, and 
not being in clofe contact. If this is admitted, as 
I apprehend i it muft, we cannot fay, with propriety, 
that the folid par ticles of water expand, » The {pi- 
cule, of which ice confifts, cut each other at. ee 
of fixty or one hundred and twenty degrees, 

_ When it fnows at Mofcow, and the airiis. not. too 
dry, it is obferved to be Joaded with beautiful 
cryftallizations, regularly flattened, and as thin as a 
Jeaf of paper. They confift of an union of fibres, 
which fhoot from the center to form fix principal 
rays, which are themfelves divided into SER 
{mall blades. 

It appears, however, that the air ba ef con- 
tained in water is fet at liberty on the congelation 
of that fluid, and may thus partly contribute to the — 
{welling of ice, and occafion fome of the cavities 
obfervable i in it. 

When water freezes flowly, its furface preferves it its 
tranfparency to fome depth, owing to the air which 
is feparated paffing downwards as ye freezing, pro- 
ceeds. ~The air bubbles, however, foon begin to 
ee collect, 
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colle&, and produce confiderable inequalities, which 
increafe as they approach the center. When, on 
the contrary, water is frozen with great rapidity, 
the bubbles of air difperfe themfelves pretty equally 
through the mafs, which, in confequence, becomes 
opake through its whole fubftance. 

Reaumur rabierves that caft iron melted, in paft 
ing from.a fluid to its folid ftate, expands. This 
effet i is more fenfible in this than in any other of 
the metals, on account of its platey texture. He 
found that caft iron, thrown among fome of the 
fame metal melted, fwims upon the top. In the 
cafe of immediate expanfion upon congealing, the 
iron feems to agree with water: they differ in this; 
the iron never expands by cold afterwards, whereas 
the ice, being expofed to greater degrees of cold, 
becomes more bulky ; the folid parts not being fo 
clofely connected from a particular arrangement, 
which renders the whole mafs lighter than before. 
Quickfilver contracts in becoming folid; and both 
caft iron and ice contain feveral interftices, which, 
if allowed for, make it appear that thefe bodies in 
reality occupy lefs fpace when folid, than in a fluid 
itate. 
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Difcoveries of Archimedes in this Branch of Science.—-Of the Mo- 
dernim—How Fluids are adted upon by the general Laws of Gra- 
- witation—Partitles of Fluids a& independently of each other.— 
Experiment afcertaining this Principlemm=Fluids prefi equally in all 
DireGions.——CGautions neceffary in confiructing Aqueduds, Fc. to 
guard againft the lateral Prefure of F luids ——All Parts of the 
Jame Fluid in Equilibrium with each other. — Surfaces of Fluids — 
always in a Plane parallel with the Horizon.—Pi -effure of 
Fluids in proportion to their Height.—Hydroftatic Paradox. 
Egeds of Gravity on Fluids of different Denfities.—Adtion of 
Air on the Surfaces of Fluids—The Siphon.—dAGion of Fluids 
on folid Bodies immerfed in them.—Why certain Bodies fink and 
otbers fim in certain Fluids—Bodies that fwim difplace a 
Bulk of Water equal to themfelves in Weight but not in Magni» 
tude—T he fame Body will fink in one Fluid, which will fim 
in another.——T he Hydrometer.——Fahrenheit’s Hydrometer.—Re- 
capitulation of the Doétrines refpecting fpecific Gravity —How 
to make a Globe of Iron fusim on the Surface of Water.—Boats 
sna of Copper. 


ATER, as a fluidy has certain properties, 
which, though common to all unelaftic or 
incomprefible fluids, are ufually confidered under 
this topic; and indeed the iciences of hydroftatics 
and hydraulics, which regard thefe properties, im- 
mediately derive their names from that fluid *, on 


* “Sue (Hydor) water, and clalun (itatike) the fcience of 
weight. Hydraulics from “ydue and az i (aulos) a tube or pipe. 


which 


~ 
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which the experiments, illuftrative of them, are 
ufually made. igen enya 


\Hydroftatics have. for their object the weight. 
and preffure of fluids; and in this branch, of 
fcience the art of determining the fpecific gravi- 
ties of bodies is ufually included; but this I have 
already been under a neceffity of anticipating * in 
fome degree. Archimedes, among the ancients, 
accomplifhed the moft remarkable difcoveries: in 
this fcience.' -He is honoured even at this day, as 
the inventer of the ingenious hydroftatic procefs, by 
which the purity or bafenefs of a crown of gold 
was afcertained.. Among the moderns we are in- 
debted to Gallileo, Torricelli, Defeartes, Pafcal, 
Guglielmini, and Mariotte, for the beft information 
on this fubject; and by their experiments (which 
are as curious as they are decifive) we are inftructed. 
in what we may expect or fear from the power of 
fluids violently a&ted upon ‘by the principle of 
gravity, and in what manner and upon what prin- 
ciples we may employ, for the ufe of man, the hy- 
draulic machines. : 

It has been obferved in another place, that the 
propenfity which bodies have of approaching to- 
wards the earth, or perhaps towards its center, is 
the only caufe of what we term weight, or gravity; 
and that it is by the continual efforts which they 


* See Book I. Chap. III. It was neceflary to explain the 
nature of fpecific gravity in that part.of the work, both becaufe 
it relates rather to bodies in general than to fluid fubftances; 
and becaufe the frequent allufions to it in the progrefs of the 
work would not have been otherwife underftood. 


Ge 2 make 
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make to obey that law, that they prefs upon every 
obftacle which impedes their progrefs.. As fluids, 
like folid bodies, are impelled by their gravity, fo 
in this cafe they prefs upon every objeét which 
eppoles their fall; but from their nature they 
prefs in a different manner from folid bodies; 
hence arife the peculiar chenomena into which we 
are Now to inquire. ete i 

Fluids are fubftances, the component parts of 
which aré. moveable among  themfelves, having 
fearcely any cohefion' one with another, and moving 
independently of each other, . Some philofophers * 
have included in this ‘definition what they term the 
orofler fluids, as, for example, a heap of corn, a 
heab of thot, of fand, &c. as well as the rarer and 
more elaftic fluids, as. common.air, and all, other’ 
aeriform fubftances. The proper ,objects, how-. 
ever, of the hydroftatic f{cience,. are thofe fluids 

which, in common language, are termed liquids, 
or thofe which always prefent to. us a plane furface, 
level or parallel to the horizon. 

All liquid fubftances are not equally ay hence i It 
follows; that the laws of hydroftatics apply with 
lefs exactnefs in proportion as thofe fubftances de- 
part from perfect fluidity. . Water and. oil both 
flow. when the veffels, which contain them, are 
either overturned or broken; but the effufion of 
oil is flower than that of water, becaufe the par- 
ticles of oil have more cohefien among themfelves. 
The molt fingular effe&s in hydroftatics princi- 


* See Briffon, Vol. I, P. 233. whet 
| | _ paliy 
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pally depend upon the extreme*minutenefs of the 
particles of fluids,and upen their great mobility. 

To preferve a lucid order in the confideration of 
this’ fubjeé, it will be neceffary to divide the objects 
of our inquiry into tnree branches. In the firft 
place, therefore, I  fhall confider in what manner 
the principle of gravity acts on the particles of 
fluids, and the phenomena which it produce: in the 
fluids themfelves; as well as their action againtt 
the fides, the bottoms, and tops of the veffels in 
which they are contained. Secondly; I thall con- 
fider in what manner fluids of different denfities 
-act upon each other; and thirdly, ‘the a€tion or 
fluids on bodies immerfed in them. 

I. In purfuing the firft object of this inquiry, jit 
may be eftablifhed as an axiom: 

“aft, “‘Tinat the parts of the fame fluid a&t with 
refpect to their weight or ‘ink ae independently of 
each other. ; 

This property arifes from their having fearcely 
any cobefion among themfelves. It is otherwife 
with folid bodies; their feveral parts adhering to- 
gether, they prefs in one common mats; hence the 
failing of folid bodies is produ€tive of a different 
effect Nfld that of liquids.. We dread the falling 
of a pound of ice upon our heads, while we are 
much more indifferent concerning that of a pound 
of water. The latter, in its defcent, is divided 
by the refiftance of the air, by which fome of 
jts parts are’ retarded more than others; and the’ 
fwiftnefs of the whole mafs is ftill more retarded 
by this divin than it otherwife would be; for by 
Ge 3 being 
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being thus divided it acquires a larger furface, 
which abates its effect. On the contrary, a folid 
body falls upon a {mall fpace, which receives. its 
whole force. Hence it follows, that angular bodies 
falling upon any part of the human frame are more 
dangerous than flat or plane ones of the fame 
weight, and defcending from the fame height. 

It follows from this principle, that if an aperture 
is made at the bottom of a veffel fall of any fluid, 
in order to prevent the flowing out of the liquor, 
it is only neceflary to counteraé the weight of that 
column of fluid which has the aperture for i its bafe, 
and that to :counteract.that: weight it’ is the fame 
whether the veffel is full of liquor; or whether ‘it 
contains only a column, the bafe of which wih . 
equal fo the aperture atithe bottom. |). 

Let the cylindrical veffel of glafs AB: dott v. 
fig. 1.) have'a hole in the bottom: at €, ‘furnithed. 
with a cylindrical ferule of copper ofan inch 
diameter D, which is to be {topped with a pifton 
-G, or the fucker ofa pump well fitted to the ferule, 
and oiled, that it may yield to a moderate preffure. 
Let the pifton be fupported by a {mall red G H, 
faftened at H to the filk which unites with the por- 

tion of the pulley IMI, with which the extremity of | 
the Jever MN is furnifhed, and which has for its. 
‘center of motion.the point L. ‘The other portion 
of the pulley N, which terminates the other ex- 
tremity’ of the lever, is alfo furnifhed with Jines of 
filk, which fupport the fmall bafon or feale “I. 

» Upon the copper ferule.D then fit a cylindrical 
tube of glafs F.B,; the interior diameter of which 


4 is 
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is equal to that of the ferule, and its height 
equal tos that of the veffel’ AB.” When the © 
apparatus is difpofed in this manner, fill the tube 
EF with water, and continue to put {mall weighits 
into the bafon-or fcale I, until the pifton: be diins to 
rife. Afterwards take away the glafs tube E By and 
‘ place the pifton G in the copper ferule D, and pour 
water into the large veffel A-B, and it will appear 
that the fame weights as before in the bafon'I,, will 
raife up. the pifton when the larger veflel A B is 
. entirely full, Hence it follows: that there is the 
fame power to be counteracted, whether there refts 
upon the pifton only a column of water of its own 
fize, or whether the veflet AB is entirely full, 

Such a column, therefore, preffes upon its bafe in- 
dependently of the reft of the water contained in 
the veffel. 

To account for this, let us fuppofe all the water 

in a veffe!'to be divided into feveral columns, ‘1,2, 
3, 45'5, (plate V. fig.2.) each compofed of an 
equal number of parts. If the bottom of the vef- 
_ fel, which ferves for the bafe and fupport of all the 
‘columns, is opened in ¢, the column 3, being no 
longer fupported, will defcend through the aperture, 
fliding 4 between the two columns 2 and 4, which. 
are fupported by the parts of the bottom of the 
vefiel 2 and c, all the moveable parts of which 
become (if I may ufe the‘expreffion) fmall rollers, 
which retard the fall only in a very flight degree. 
“This effe& is the refult of the fmall degree of co- 
hefion between the parts of the fluid. “If the co- 
tunis | 1 and 2 onthe one part, and 4 and 5 on the 


Ges _ other, 
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other, were compofed of parts adhering together, 
they would retard each other in their defcent dur- 
ing their whole length, in the fame manner as a wax 
candle would do; and by the fall of the column 3, 
a void would be made between them. But as all the 
particles are extremely minute, moving eafily upon 
each other, they defcend when the Nintenie of the — 
column’ 3 begins to defcend, having no longer any 
fupport doih, that fide ; and the raperncley! of the 
whole mafs defcendsin the fame manner, though 
only one of the columns caufed the flow from its 
fall. .When'the parts have a degreé of vifcofity, as 
thofe of oily fluids, or when the mafs of the flow- 
ing liquor has much more of breadth than: of 
| beat it, the void which the defcending column 
Jeaves above it is eafily perceived, for aires the fur= 
face, inftead of being plane and even, is hollow i ip 
the middle, and amuniest a funnel-like form, becaufe 
* the adjacent parts donot arrive with fufficient fwift- 
nefs'to replace thofe which defcend through the 
aperture ; befides the preffure of the air above the 
aperture is {trongzer than its refiftance below: 
From what has been now ftated, it is eafy to per- 
ceive how fluids differ from folids in the phenomena 
of gravitation. Ifthe veffel AB (plate V. fig. 1 
being full of water; and the tube EF. being: re= 
ved: it was required to raife up the pitton Gs 
all that is neceflary in this cafe is, to fupport: the 
weight of the column of water directly above the 
pifton, becaufe this colunin can move independently 
of the remainder; but if the whole mafs of water 
was converted into ice, then the mafs- ceafing tr 
be 
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bea liquid, and all its parts adhering together, to 
-raife up the pifton it would be neceflary to fupport © 
the weight of the whole mafs. 

adly,. Fluids prefs equally in all directions. 

In other words, they not only prefs from the 
top. to the bottom like other bodies, but they alfo 
prefs, according to their weight, upon all bodies 
that oppofe them in a Satceal direction, and even 
from the bottom to.the top. Hence, if'a cafk is filled 
with liquid. oil, the oil will run. out if an aperture is 
made in the fide, but when it is congealed it will 
not run out, on account of its seers become a 
folid body, for folid bodies prefs only from their 
vertex to their bafe, and not laterally. . 

‘To underftund properly this lateral preffure of 
“fluids, and alfo that which they exert from their 
bale towards their vertex, it is neceflary to confider 
them as a mafs of imall globules depofited in a vef- 
fel ; and to remember that thefe minuce globules 
are not arranged regular rly as upon acord, but that 
very. frequently one column exercifes its preffure 
betweem two others, and has a propenfity to dif- 
) place them, as may be feen in plate V. (fig. ) 
_ where the perpendicular preflure which is made 
oppofite to the point 4d, is directed by the lateral 
columns towards the fides, e f, of the veffel, in fuch 
a. manner, that if the veffel was open in thofe 
places the liquid would flow out, on account of the 
great mobility of its parts. It is by the fame mode 
of reafoning that the preffure of fluids, from their 
bafe ails their vertex, is accounted for: for 
exainple, when the colunan d of (fig. 3.) has a ten- 

dency 
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deiicy to difplace the two particles gh, the particle 
g cannot move any farther becaufe it is impeded 
by the fide of the veffel ; ‘but the particle & tiay be 
raifed from the bafe towards the top, unlefs a 
column equal to ‘the ‘columin’7k, or fomething 
equivalent, prefles upon it to prevent it. | 


It is upon this principle that the water, elevated _ 


by the New River water-works, ‘after having de- 
fcended from a bafon in a vertical pipe, ste then 
after having flowed horizontally in a fucceffion of 
pipes chile the pavement, is raifed up again, through 
another. pipe, as high as the fountain at the Temple 
Garden. Itis alfo upon this principle that a veffel 
may be filled either at the mouth or at the bottom 
indifferently, provided that it is done through a 
pipe, the top of which is as high as the top of the 
veffel to be filled. Hence it follows, that when 
piers, aqueduéts, refervoirs, or other hydraulic 
works for the rétention of water are to be con- 
ftructed, it becomes neceflary to propoftion their 
ftrength to the lateral preffure. which they are likely 
to fuftain, which becomes ereater as the height of 
the water is more confiderable. Nearly the fame 
precautions are neceflary to be taken with refpeét 
to what fome phiofophers eall the groffer fluids, 
which alfo have a propenfity to expand, as well on 
account of the fmallnefs of their parts as from the 
fmall degree of cohefion which exifts ‘between 
them. Walls defigned to fupport terraffes ought to 
be fufficiently ftrong to refift the lateral preffure of 
the earth and rubbifh which they are to futtain, 
as this freffure willbe greater as the ‘particles of 
| earth, 
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earth, and of the other materials of which the ter- 
raffes are compofed, are lefs bound together, and in 
proportion as the terraffes are more elevated. 

gdly, All the parts of the fame fluid are in 
equilibrium with each other, whether they are 
contained in one veffel or many, provided they 
communicate with each other; and their furfaces 
alfo are always in a plane parallel to the horizon. 

This is a confequence of the principle which has 
been before eftablifhed: for, fince the particle d 
(fig. 3.) would be raifed from the bafe towards the 


top, unlefs acolumn equal to the column 7 &, preffed, 


upon it to retain it in its place ; 1t follows that to be 
in equilibrium, the upper extremities of the two 
columns fhould be in the fame horizontal plane, 
or in points equally diftant from the center of the 
earth; which points, however, cannot be found by 
a right line; for in the. diftance of a thoufand fa- 
thoms there is about one foot difference in the per- 
pendicular height. From this property of fluids 
it follows, that water conducted by pipes placed 
in the earth, will remount as high as the place 
whence it flowed, whatever the depth under 
‘ground through which it may have been conduct- 
ed by pipes. It is cuftomary to allow half an inch 
of inclination in the length of fix feet, to counteract 
_ the refiftance produced ‘by friction ; but it is clear, 
from what has been faid, that this is not abfo- 
lately neceffary, for however long the _paffage 
might be, the water would ftull afeend as digh as 
she place whence it came, but it would require a 


Jitel < longer time to accomplifh the afcent. We 
are 
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are enabled, .upon this principle, to account for the 
{prings wnich are fometimes found on the tops of 
mountains. Such waters flow from, mountains 
ftill more elevated (whether they. are far or near) 
by fubterraneous canals. ‘It follows from this prin- 
ciple, that if there are many refervoirs which com- 
municate together, it is necefary only to fee one 
of them) to know. the height ‘of .the water in the 
others ; for it mutt necef larily be of the fame height 
there as in all the reft. ayn 

From what has been oblerved: viz. that heh all 
the parts of the fame fluid are in equilibrium, their 
furfaces will alfo be in a plane: parallel to the hori- 
zon, or, in other words, every part’ of the fur- 


face at an equal dittance from the center of the 


earth, it follows, that when the furface of water is 
very large, it becomes neceflarily and fenfibly con- 
vex. ‘This 1s eafily perceived at fea, where the 
mafts of fhips are obferved at a diltance before any 
other pare of the fhip can be diftinguifhed. - 
nite Fluids prefs as well Secsengiastaale as la- 
terally, not, however, in proportion to their quan- 
tity, but in“ proportion to their height above the 
plane of the horizon. : ery 
For example, if feveral veffels of the fame heioht | 
and bafe are filled with water, all their bieeitiis 
will bear the fame deeree of preffure, whatever may 
be the form and fize of the veffels in other refpects. 
Suppofe three veffels to be filled with water, 
ABCD. (fig. 4.) EFGH (fig. ¢.) DMN. 
P Q..(fig. 6:). whofe heights AB, IF, LP are 
equals and alfo fupported by equal bafes BC, FG, 
N O; 
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NO; it will be found, by experiment, that all the 
bottoms of thefe veftels willbe equally prefied, thoneh 
the quantities of water which they contain may be 
very different. In the veffel (fig. 4.) the bortom 
BC is prefled by the whole mafs of water ABCD, 
becaufe the fluic, in this cafe, preffes in the fame 
manner as a folid body ; let us fuppofe the weight 
of the water to be fix pounds: In the veffel 
(fig. §.) it is eafy to conceive, from what has been 
faid before, that the bottom FG is alfo only 
prefied by fix pounds, though the veffel is evi- 
dently much larger than the firfl; becaufe the bot- 
tom F G fupports only tie column IF GK, equal 
to that of the vefiel (fg. 4.) and this column exer- 
cifes-its preffure independently of the refidue of the 
water in the veffel, which 1s fupported by the fides, 
EF, HG, of the veffel (fig..5.)s But the princi- 
pal difficulty confifts in comprehending how the 
bottom of the vefiel N O 1s itill prefled by a weight 
_of fix pounds, although one pound of,water would 
be fufficient to fill the veffel. Ic is accounted fer 
m this manner ; it is certain that upon the portion 
T V of the bottom.N O, there is a preffure equal 
to that of a column of water of which T V. is the 
bafe, and LT the height. If, upon every other 
fimilar portion of the fame bottom, there 1s a pref- 
fure equal to that of the column LTV Q, the 
bottom is equally preffed upon all its parts... For 
inftance, there is a preffure upon the portion V Xx 
equal to that of a column of water QV XK, 
which is itfelf equal to the column LT V Q3 for 
the fmall column of water P VX S, which refts 
Spun 9 above, 
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: fareft bafis of truth, and has a confiderable influ- 
ence in almoft all hydraulic engines, viz. “that a | 
given quantity : 
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i preffed by the ee “ 
n 1s” equal to the preffure. 
, with a force equal to the e 


of the great column over the {mall 


is, therefore, a preffure upon. the 


of the bottom NO, from the fm n of 
PV.XS, and ‘from the rez ~athi part 
c al to the prefllire of a colt ater, 


R Beets of which | added toge re equal 


veffel (fig. 6.) is every where equally prefled. 

- There is a maxim deduced from what has been 
ftated, which is termed by philofophers the hydro- 
ftatic paradox ; ig is neverthelefs founded upon the 
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is the hydroftatic bellows. ‘This machine (Plate VI. 
fic. 1.) confifts of two thick oval boards, each 
Pat three feet broad, and four feet long, united 
to each other by leather, like a pair of common bel- 
lows, or a barber’s puff Into the lower board a 
pipe B, feveral feet high is fixed at e. Now, in fhew- 
ing experiments with this fimple machine, which 
_even the reader himftelf might eafily make, let water 
be poured into the pipe at its top C, which will run 
into the bellows, and feparate the boards a little: 
- then to-fhew how much a little water will be able 
to eff:c by preffure, let three weights, each of an 
hundred -pounds, be laid upon the upper board. 
Now if we pour more water into the pipe, it will 
as before run into the bellows, and raife up the board 
with all the weights upon it. And though the 
water in the tube fhould weigh in all but a fingle 
pound, yet the preflure of this fmall force upon the 
water below in the’ bellows, fhall fupport the 
weights, which are three hundred pounds; nor will 
they have weight enough to make them defcend, 
and conquer the weight of the water, by forcing it 
out of the mouth of the pipe. 

It is clear from thefe principles, that thé tun 
TO (fig. 2.) filled with water, may be burft by - 
preffing it with fome pounds additional weight of 

the fluid, through the tube A B, which may be fup- 
pofed to be from twenty-five to thirty feet in 
height. From what has been faid of the veffel 
(fig. 6.) it indeed necefiarily foliows,. that the {mall 
quantity of water which the tube AB contains, 
prefics upon the bottom of the tun as much as if a 
column : 


awWihis 
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column of water had been added as wide as the 
tun itfelf, and as long as the tube, which ‘would 
evidently be an enormous weight. 

II. The effects of gravity on fluids of different 

denfities will, from. what has preceded, not be very 
difficult to comprehend. ' 
It has been’ Sbiaved: that fluids are maffes of ~ 
{mall bodies moveable with great facility among 
themfelves independently of each other, preffing 
feparately and in proportion to their maffes. 

It is proved alfo by chemical analyfis, that even 
thefe minute particles are compofed of particles fill 
fmaller. Now whether it refults from the interpo- 
fition of caloric (or the matter of fire) in greater or 
lefs quantities, which we know is the caufe of all 
fluidity, and alfo of the difference that exifts between 
the incompreffible and elaftic fluids; or whether it 
may depend upon the fhape or fize of the particles, 
which, as in folid bodies, may increafe or diminith 
the porofity, it is certain, that there is a .confider- 
able difference with nave to acuity} in payer 
fluids. 

From this difference in point of denfity, a Gein 
tation may be obferved generally to take place, 
foon after mixing two heterogeneous fluids toge- 
ther, unlefs this effet j is cbuidtetatted by fome more 
_ powerful caufe. It has been obferved, that the 
particles, according to their weight, prefs indepen- 
dently of each other. Thofe therefore which 
have the moft denfity, having more power to gain 
poffeffion of the lower. part of the veffel which con= 
tains them, oblige the others to yield and refign 
7 their 
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their fituation ; and hence a feparation | 1S effected, 
‘When. oil and water, for inftance, have been well 
fhaken together, and afterwards the whole left in a 
ftate of reft; the water; having more denfity than 
the oil, takes the lower a Si and the oil rifes to. 
the furface. If this effe& dees not take place, it is 
owing to the intervention of one of the following 
caufes. Firft, a kind of elective attraction, cs 4 
may exift between the particles of different fluids; 
as when water and wine are mixed together; the 
water, though heavier than the wine, does not fe- 
parate itfelf Secondly, the vifcofity of one of the 
fubftances, as when the whites ‘of eggs are beaten 
together, and by that means a confiderable quan- 
tity of air mixes with them; the air, though much 
lighter, has not power to difengage itfelf from the 
matter in which it is enveloped; in order to effect 
its efcape. 
lf two fluids of different denfities are placed in a 
{tate of equipoife with each other, and have the 
' fame bafe, their perpendicular heights above the 
horizon will be in a reciprocal ratio to their denfi- 
“ties or {pécific gravities. ¥ 
If, for example, rhercury i is put into an inverted 
fiphon, and water is poured into one of the branches, 
in order to elevate the mercury in the other branch 
one inch above its level, it is neceflary that the 
“water fhould be about thirteen inches and an 
half high. The height of the water then will be 
thiitecn times and a half of that of the mercury 5 
-becaule the fpecific gravity of mercury is about 
Vor. Ae: Hh = thirteen 
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thirteen times and a niet as great as that of 
water. | 

“This obfervation will alto apply to the eave: 
uation of air and water, or air and mercury upon 
each other, as was evinced in a former book, 
‘when treating of the Torricellian experiment and 
the barometer *. Many of the phenomena, indeed, 
of hydroftatics and hydraulics are to be referred to 
the preffure of the atmofphere, and for this reafon, 
the prefent fubject has been in part anticipated, 
when it was neceffary to treat of air as a fluid. 

It is, however, proper on the prefent occafion, 
to recal to the reader’s attention fome of the pro- 
perties of this fluid, and he will eafily remember, _ 
‘that as a fluid, air is poffeffed of gravity, and con- 
: fequently prefies upon all bodies which oppofe it ; 
and it is neceflary to add, that like water, it prefles 
in all direétions.’ Its perpendicular preffure has 
been already fufficiently proved; and its lateral 
preflure may alfo be eafily demonftrated. If a 
{mall hole is made with a gimblet, either in the fide 
‘or bottom of a cafk or veflel which is quite full of. 
liquor, it will not run out, becaufe the external air. 
which preffes againft the hole, fuftains the liquor, 
“which has not a fufficient height to overcome its vy 
preffure. Hence the neceitity” of a vent-peg, to 
enable liquor to be drawn out of a full cafk. The 
-elafticity of the {mall quantity of air which is intro- 
duced at the vent prefies the fluid, and overcomes ~ 
_ the preffure of the air dt the cock. ‘There isan — 

* See Book v. Chap. g. 7 
ee inftrument 
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inftrument in common ule, called a Valencia, for 
extracting fall quantities of liquor out of the bung- 
holes Brailes. It isa tube with a {mall aperture at 
the bottom and the top. When full, if the hole at 
the top is {topped with the thumb or finger, fo as to 
prevent the prefiure of the air at the top, the liquor 
will not run out: of the hole at the bottom, being~ 
kept in by the forcé of the external air. 

_ It is proper to obferve, that all the effects which 
depend upon the preffure of air, take place in a 
room where the column of air is terminated by the 
ceiling; as well as without doors where the column 
ef air has the whole height of the atmofphere; and. 
the reafon is, becaufe the air in the room has a 
communication with that on the outfide, fuppofing 
it to be only by means of the key-hole. Thusa 
_barometer placed in a hall,. will have its mercury 
_as high as if it was: placed in an open field. 

The curious effects produced by fiphons, al 
depend upon the preffure of the air. 

A fiphon is a bent tube AB C (fig. 3), made of 
elafs, of metal, or of wood. One branch of which 
AB, is fhorter than the other BC. ‘In order to make 
ufe of this inflrument, place.the extremity of the 
_fhort branch A B in the veffel EF, (fig..4.) which 
may be fuppofed to contain any fluid matter, as 
. water for inftance. If the air then is drawn by fuc- 
-tion* out of the fiphon at the extremity C of the long 


* Suétion is here evidently ufed in the popular fenfe of the 
“word, to imply that action of the mouth which extras the 
air from a given fpace: for in fri philofophical language 
there is no fuch thing. 
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branch BC, the liquor will begin to flow, and will 


not ceafe while the fhort branch A B remains im- 
merfed in the fluid. It is eafy to fee that the pref- 
fure of the air upon the furface of the fluid in the 
veffel, is the caufe of its difcharge through the fi- 


phon. For fuppofe GF the confines of the atmo- » 


fphere, all the points of the furface A of the liquor 
will be equally preffed by the column of air A F ; 
if, therefore, at fome point of this furface, the 
preffure is fufpended, the liquor muft flow at that 
point, becaufe it finds lefs refiftance there than in 
any other part; this is therefore the obvious reafon 
| why the fiphon becomes full immediately after <r 


: air is drawn out at the extremity ©, 


If the two branches of the fiphon were of equal 
tengths, as BA, BD, the flow through the bent 
tube would not take place; becaufe the column of 
air D G which would refift in D, being of an equal 
height with that which preffes at A, would alfo be in 
equilibrium with it, in the fame manner as the two 
columns of the flid BA, BD. But fince B C, 
‘one of the legs, is longer than the other, though the 
‘column of air GC, which anfwers to it, is really 
Jonger than that which prefies in A; yet it is not 
capable of préventiny the paflage of the fluid. To 
underftand this more perfectly, let us. confider the 


column of air G C to be divided into two parts, one’ 


of which, G D, would form an equipoife with the 
column of air F A, and would be. capable of ftop- 
ping the flow from the tube if the branch B C end- 
edin D. ‘The-portion of fluid which fills the part 


DC of the ie BPO will ad no other refiftance in — 
C than © 
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‘€ than one column of air D.C. of the fame length 
with it, which is evidently very inferior to it in 
weight. This portion of fluid then flows out, 
_becaule it greatly exceeds in. weight the column of 
air which is oppofed to it. But while it continues 
to flow, nothing fuftains that which is above it, 
which flows neceffarily, while the preflure of the 
air at A furnifhes a new fupply of fluid to replace 
that which runs out. It is by thefe means, that the 
water in the fiphon continues to flow without in- 
termiffion; becaufe the refiftance of the air in C is 
as much exceeded, as the length of the branch B C 
of the fiphon exceeds that of the branch AB. In 
order to prove this, fuppofe there is added at C a 
tube to lengthen that branch, then it will plainly 
appear, that in-a given time more water will ow 
than. would have been. difcharged without that 
augmentation to the branch BC. | 
Since it is the preffure of the air which elevates 
the fluid in the fhort branch B A, it follows, that 
the height of this branch is limited to thirty-two 
feet when the fluid is water, becaufe the preflure of 
‘the atmofphere cannot elevate water higher; but 
when the liquor is‘mercury, the height of the thort 
branch fhould not exceed thirty inches, becaufe the 
atmofphere cannot fuftain mercury ata greater 
height. | ~ 
UI. The’aétion of fluids on folid bodies immer- 
fed in them, has been already in part anticipated, 
in treating of fpecific gravity. It is neceffary, 
_ however, to refume that fubject to a certain extent 
nadie Bb ER ae ae in. 
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in this place, and } fhall endeavour as much as pot | 
fible to avoid repetition. 

It is evident, that when a folid body is plunged 
into a fluid, it occupies a {pace in that fluid exaétly 
equal to its own maenitude. The quantity of fluid 
then fo difplaced, either equals in denfity and confe~ 
quently i in weight, the folid which difplaced it; of; 
on the contrary, one of the two muft weigh more 
than the other. In the laft cafe, which is moft com- 
mon, the quantity by which the heavier body fur-. 
pafles the lighter, is called the sige weight” OF 
gravity. 
~ Tt has been obferved before, that fluids exercife 
their’preffure in all directions, confequently a folid - 
body plunged into a fluid is preffed at all points. 
It has alfo been proved, that this preflure increafes | 
in proportion to the height of the fluid; the pref- 
fure, therefore, which the body undergoes, is oreat= 
er in proportion to the depth into which it: is 
plunged. Laftly, it has been proved, that when two 
fluids are placed in equipoife, their re ipective 
heights are in proportion. to their denfities; and 
dhieratsre bodies plunged to an equal depth, are 
comprefi fed according to the denfity of the refpec- 
tive fluid, 

‘Tf a body is heavier than the fluid in which it is 
“immerfed, it is evident that it will fink to the bot: 
tom, by its fpecific oravity. Tf a body is lighter 
than the fame bulk of the fluid into which it is. 
plunged, a part of it will fw im, and the remaining 
part which is immerfed difplaces a quantity of 
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fluid which weighs exactly as much as the whole of 


the folid body *. | 


* © From what I have already explained, you muft neceffarily _ 
have difcovered the rationale of faking and /wimming. You 
faw that when a body was bulk for buik heavier than the fluid, 
‘by being immerfed it lofes only the weight of an equal bulk of 
the fluid, and confequently the re/fdual or remaining gravity of 
the folid mult carry it down to the bottom, or hie! it fink. 

On the other hand, if the folid has lefs weight in the fame 
bulk than the fluid, then it cannot by its weight difplace or raife 


‘upwards its whole bulk of the fluid, but only fo much h of it asis 


equal to its own weight, and from this def iclency in pres it 
will be only partly immerfed, and will therefore Aig upon 
the upper part of the fluid. . 
Of all the animals, however, thrown into the water, man is 
the moft helplefs; the brutecreation receive the art of {wimming 


‘from nature, while man can only a€quire it by praétice; the 


one efcapes without danger, the other finks to the bottom. 
Some have afferted, that this arifes from the different fenfibilities 
each have of the danger; the brute, unterrified at his ficuation, 
ftruggles, while his very fears fink the Jord of the creation. 
But much better reafons may be afligned for this impotence of 
man in water, when compared to other animals ; and one is, 
that he has actually more fpecific gravity, or contains more 
matter within the fame furface than any other animal. The 


trink of the body in other animals is large, and their extre- 


mities proportionably {mall; in man it js “the reverfe, his ex- 
tremities are very large in proportion to his trunk. The {pe- 
cific weight of the extremities is proportionably greater tha 
that of the trunk in all animals, and therefore man muft have 
the ereateft weight in water, fince his extremities are the 
largett. 

Befides this, other animals to fwim have only to walk» (as it 
were) forwards upon the. water; the motion they give their 
limbs in {wimming is exactly the fame they ufe upon land; but 
it is different with man, who makes ufe of thofe limbs to Nap 
him forwards upon water, which he employs to a very differ- 


_ent purpofe upon land) Apams’s Ledures, Vol. ili, p. 408. 
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If, for inftance, water. is poured into a glafs 
veffel (fig. 5 .) furnifhed. with a fimall’cock near 
the bottom ; if the height of the water in the veffel 
1S marked with a {mall aloes of thread or paper; 
and, laftly, if a ball of wood is thrown into it, it will 
appear that part of the wood will be immerfed, and 


part of it remain above the water, ‘and that the 


immeried part will: raife the water in the veffel juft 
as much as if a yolume of water had been added 
equal to the folid contents of the part under: water. 
Ifa ag of water is then let out of the veffel 
ns of the {mall cock, ey the fultags a] 


of water is ae hed, ; It will be ound to be of ex-— 

actly the fame weight as the whole ball of wood. 
Hence it follows, that a boat upon a river dif 

places a quantity of water exactly of the fame 


weight with the boat and its lading; and if more 
weight is addéd, it will fink deeper in the water in 


the fame proportion ; and the irae hen part is 
more or lefs in extent, according to the denfity of 
the water. Hence, as water mien impregnated 
with falt, is heavier and denf er than pure water, as 
was formerly. proved *, “ity llows, that the fame 


boat and lading will draw le {§ water (according to. 


the feaman’ s pirate) i in the me than i ina river of 


ar ERE ae! 
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If, therefore, the weight of the hydrometer is _ * 
fuch, that it will fink in water as far as E, it will ~ 


fink ftill deeper in lighter fluids; it wilk fink for s 


inftance in wine as a as F; in {pirits of wine as 
far as G, &c. But if it is plunged inte liquors 
heavier than water, it will not fink fo far asE; for 


example, in beer it will only fink to D, and always — ‘ 


as much lefs as the liquor into which it is plungedis  ~ 
denfer and confequently heavier. | 

By this procefs it will be eafily difcovered, 4 
ther one kind of fluid is lighter than another with _ 
which it is compared; but the proportion cannot 
be accurately determined; for in order to that, it 


would be neceflary to know exactly the proportion ~ : 


between the tube AC and the balls Band S; — 
- which is impoffible according to the above mode of 4 
conftructing the inftrument; and it would alfo be 
further neceflary that the tube A C fhould be per- 
fectly cylindrical, which never is the cafe... The 
moit certain mode of acquiring this exaét know-  — 
ledge is, to nuciels always with equal volumes of — 


fluids: and-for this purpofe, it is néceflary to make 


ue of Farenheit’s hydrometer, 

This inftrument (fig. 2.)is compofed ofa fmal] i. 
oval glafs bulb or bottle B; the neck.of which A 
C is very fmall, and terminates with a baton D E, 
defigned to receive {mall weights. 

The inftrument is ballatted by means°of a fonall 
ball of glafs S fixed underneath it, in whichthere is — 
entied fome guickfilver, A {mall grain of ) 
fmait (4) is fixed upon the neck, and ‘thea inftru- 
ment 1s then complete. ‘B 

In 
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In order to make ufe of this hydrometer, it is 


“neceffary to begin by knowing its exact weight 


mites 


which fhould be marked upon it, to prevent its 


being forgotten. The inftrument is then plunged 
into diftil fed water; and by putting weights into the , 
_bafon DE, it is made to fink as far as the gtain of 
—fmalt (2). The weights which were made ufe of to 


produce this immerfion, added to the weight of 


¥ 


the hydrometer, gives exactly the weight of the 
volume of water meafured by the inftrument. By 
repeating the fame operation upon any other fluid, 
the weight of the volume of that fuid meafured by 
the hydrometer, may be known with equal exact- 
-nefs. Hence it follows, that the quantity of thefe 


‘two volumes are equal, becaufe they. are meafured 


by the fame inftrument: the difference of their 
weight then will give thé difference of their fpecific 
eravity, or the relation between their denfities. To 
determine this relation exaétly, the following pro- 
portion muft be obferved: The fpecific gravity of 
the proved liquor, is to that of diftilled water as the 


weight of a volume of that fluid meafured by the 


hydrometer, is to the weight of the volume of wa- 
tér alfo meafured by it. If the fpecific gravity of 


‘the one is known exactly, the {pecific gravity of the 


other may be determined by it, and alfo that of all 
other fluids which are proved in the fame man- 
ner. 
| The whole of what has been advanced in this. 
chapter, and in that of the firft book upon fpecific 
- gravity, may be briefly fummed up in the following 
0eigleglinde : Firft, when two bodies are equal in 
their 


) 
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their magnitude, bulk, or volume, their fpecific 
_ gravities are to each other as, their denfities, So 
that one body has twice the fpecific gravity of 
another, when it has twice the denfity of: that 
other body comprized in the fame fpace or magni- 
tude. ig 

Secondly, when two bodies lofe an equal 
weight in the fame-fluid, they have the fame mag- 
nitude or folid contents, whatever form they may 
affume, fince they each lofe a weight equal to the 
bulk or volume of fluid: which they difplace. . 

Thirdly, the fpecific gravity of bodies: is. in- 
verfely as their bulk when their weights are equal. 
As ‘one body has twice the fpecific gravity of ano- 
ther, when with the fame weight, it has. only halt 
the magnitude of that other body. fi 

Fourthly, the fpecifie g sravities of. two bodies. are 
jn a direct proportion to their denfities,. and in an 
inverfe proportion to. their magnitudes, This 
propofition 1 is a neceflary confequence. of, two pre- 
ceding, viz, of the firftand third. 


Fifthly, the fame body will lofe a greater quan-. 


tity of its weight in a fluid {pecifically heavier than 
ina lighter one; becaufe it will always lofe a por- 
tion of its weight equal to the weight of that bulk 
of fluid which it difplaces. It requires then a greater 


force to fuftain it in alighter than in a heavier Auid: © 


it-‘will require more force to fuftain it in air chad 
water. 

» Sixthly, the fpecific: eravities of Lares of an 
aidtias weight (when weished 4 In a common balance) 
are proportionate to the weight which they lofe in 


the 
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the fame fluid. So that of two bodies of equal 
weight, if the one lofes one-fifth ahd the other two- 
fifths of its weight in’ the fame fluid, the {pecific 

gravity of the firitiis to that: of the fecond -as two 
to one. 

Seventhly, if a body is of the fame fpecific gra- 
vity as a fluid, when immerfed in that fluid it will 
be in equilibrium with it, abd remain at/any depth 
at which it is placed. 

Eighthly, if a body fpecifically lighter than a fluid 
is plunged entirely into it, and then left to itfelf, ir 
will remount with a force equal to the excefs of 
weight which a volume of that fluid pofleffes above 
an equal buik of the body immerfed. 

' Ninthly, ‘the {pecific gravity of a folid is to. that 
of a fluid heavier than itfelf, and upon which it will 
{wim, as the bulk of the immerfed' part is to the 
bulk of the whole body. So that if the magnitude 
or bulk of the immerfed part is to the-magnitude 
_ of the whole body as two to three, the {pecific gra- 

‘vity of the folid is to that of the fluid as twovis to 

three. 

- Tenthly, the weight and the magnitude of 2 

body, and alfo the weight of a fluid fpecifically 
heavier than the body, beine siven, fuppofe it 1s 

required to find the force requifite to keep that body — 
entirely immerfed in the fluid. As this force is 
equal to the {pecific weight of the fluid, find, by 
means of the given bulk if the folid, and the known 
weight of a cubic foot of the fluid, by the rule of 
eehueo, the weight of a bulk of the fluid equal to the 

bulk of the folid. Subftract from. this weight, the 
weight — 
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weight of the folid, and the remainder will be the — 
force required. .Forexample, fuppofe it was re- 
quired to find the force neceflary to retain under 
water a folid of eight cubic feet in contents, and of 
four hundred ers weight. Since a cubic foot 

_ of water weighs about feventy pounds, the weight 
of eight cubic feet of water is five hundred and:fixty 
pounds; then if four hundred potinds are fubftracted; 
the one hundred and fixty remainder; is thé force 
neceflary to keep the folid immerfed in the water; 
and to prevent it from rifing to the furface. 

Eleventhly, the weight “af a bady fpecifically 
heavier than a. fluid, itd thg weight of that fluid 
Specifically ligbter, being given, fuppofe it. is .ne- 
quired to determine the cavity which that body’ 
fhould have, in order that ic. may {wim upon, the 
fluid. . 

The weight of a sabit foot of the fluid.being 
given; the bulk of the portion of the fluid equal in 
weight to that of the body, is found by the rule of 
three. If then the cavity of the body is made fo, 
that the bull may be a little larger than the magni-- 
tude already-found, the body seal have lefs weight 
under the fame magnitude than the Auid. For ex- 
ample, fuppofe t hat’ ie-is required to make a_ ball 
of iron of thirty pounds, and of fuch a magnitude- 
as that it will fwim upon water. Since the weight 

-of a cubic foot of ‘water is feventy pounds, a yo- 
lume of water weighing thirty pounds will be three- © 
fevenths of a cubic foot: hence it will be eafy to 
find what the diameter of a {phere muft be, the folid — ~ 
contents of which fhall be three- fevenths of a cubic 
sai : 


re 
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foot. Therefore, the ball of iron muft be made 
hollow within, and in fuch a‘manner that its diame- 
ter may be greater than the diameter of a fphere, 
the folid contents of which is three-fevenths of a cu- 
bic foot: if this ball is made eleven inches three 
Jines in diameter, it will fwim. Hence we fee 


that it is not neceflary for a body to fwim, chat it 


thould be compofed of matter fpecifically lighter 
than water; it fuffices that its bulk or volume 
fhould be great and its gravity fmall: for though 
copper is about eight times as heavy as water, yet: 
military men have occafionally employed boats of 
copper in conftructing bridges for the pees of 
troops. 

A copious table of fpecific gravities is given in the 
appendix to this volume. 
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HYDRAULICS*. 

Of the Difcharge of Fluids through jmall Apertures. —The Difchargé 
of Fluids through fuccefive Pipesm—Artificial Fountains.— 
| Lumps-—T he Raifing Pump.——T he F orcing Pump.—T he Sucking 
Pump —The Compound Pump.—The Fire Engine.—Motion of 
Water in Conduit Pipes.—-Ofillatory Motion of Water in a 
Siphon.—Ojcillatory Motion of We aves.—Motion. of Wheels 

acled upon by Water 3; and Rares of Water Mills, iba 


HE {cience which ie for its objeét ne motion 

of fluids is called hydraulics; and 1 its immeé-=. 
diate application is to furnifh us with the means of 
conducting water from one fituation t to Hi pi by 
canals or aqueduéts, and to ‘elevate it by pumps; 
jets-deaux, and other hydraulic engines, either for 
the purpofes of ornament or tife. | 

In treating of this fubject I fhall commence with. 
the fimpleft principles, and fhall firft fpeak of the 
difcharge of fluids through fraall apertures. 

When water flows from a vefiel which has a hole 
or aperture in the bottom, fimall in comparifon to _ 
the wiath of the veffel, the water defcends vertically, 
and the furface appears fmooth, but at three or 
four inches from the bottom the particles t turn from 


* “Almoft the whole of this chapter, and great oe of the 
preceding; are tranflated trom the firft volume of Briffon’s 
«© Traite Elementaire de Phyfigue,”’ Chap. VIII. 
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- this direCtion, and proceed on all fides with a motion | 
more or lefs oblique towards the aperture. The 
~ fame effect takes place when water flows through 
an aperture laterally. The tendency. of the par- 
ticles towards the aperture is a neceflary confe~ 
quence of their perfect mobility ; for they will cer- 
tainly be direéted towards the point. where there 
is the leaft refiftance, and that point is the aper- 
ture. 
It is alfo to be bhtived: that in this cafe, ata 
{mall diftance from the bottom, a kind of funnel is 
formed in the water, the point of which correfponds 
- to the center of the aperture; when, however, the 
water flows through a lateral orifice or. aperture, 
there is formed only a kind of half funnel, which 
does not appear to commence till the furface is near 
touching the upper fide of the hole. It is probable. 
that the funnel begins to form itfelf from the firft 
moment.of the flow; but it does not become per- 
ceptible till the furface 1s only at a {mall diftance 
~ from the bottom. 

It appears alfo, that the funnel commences higher 
or lower, according to the width of the bottom; 
_ and that the formation. of it is lefs prompt or lefs 
perceptible, according to the proportion of the 
aperture to the extent of the bottom. The funnel 
is alfo augmented by any roughnefs which may. 
exift at the fides or bottom-of the veffel. 

Water flows out ofa fimall hole in the bottom ofa 
-veffel with a velocity equal to that whicha ponderous 
Vou. II. Ii | body 
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Bay acquires in falling from a height equal to the ~ 
vertical height of the furface of the Auid above pes 


aperture. 

‘The fame law takes place in a yates siisews 
for the preffure of the Auid is equal (at the fame 
depth) in all dire&tions, and Monequbdlly produces 
the fame degree of velocity. 


A fluid, in running out of an aperture, acquires a 


velocity fufficient to ‘make it remount to a vertical 


height equal to that of the furface of the fluid above - 


the aperture, in the fame manner as a falling body 
acquires a velocity capable of making it afcend to 
the height from which 1t defcended. 

It is-evident, from the theory of falling bodies, 
that if the velocity of the fluid in running through 
the aperture was “ith es continued, the fluid 


would move through a {pace double the height of - 


che fluid above: the aperture in the fame time that a © 


falling body would employ in defcending from that — 
hoishe: , 


The height being the fame, the velocity of the 


fluid in running out of the orifice will always be 


_ the fame, whatever the fpecies of the fluid may be, 


and whatever its denfity. It 1s true, that when the — 


fluid has more denfity it preffes more forcibly, but 
then the mafs is more confiderable, and it is evi- 
dent, that when the moving g powers are proportioned 


to the mafles which they put in motion, the velo- 


Cities are equal. 
The quantities of a fluid irchanbee? in the Gigs 
{pace 


i 


| 
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{pace of time through different orifices, fuppofing 
the veffels equally full during the whole of the ex- 
periment, are to each other as the produéts of the 
areas of the apertures by the fquare roots of the 
heights. For inftance, it has been proved by expe- 
Fibers, that a circular orifice of an inch diameter, 
made in a thin veffel or partition, and under a fur- 
_ face of fluid four feet in height, will furnith, in one 
minute of time, five thoufand four hundred and 
-thirty-fix cubic inches French. 

If, therefore, it was an object to afcertain how 
much a circular orifice of two inches diameter, 
‘under nine fect of height from the furface of the 
‘water, would furnifh in the fame time, the fol- 


_ lowing proportion muft be employed (it muft be 


obferved, that the orifice of two inches is four times 
as oreat asan orifice of one inch, becaufe the areas 
of circles are as the fquares of their diameters) : 


IXY 4: 4AXW 9 3: 5436 2 x 
Or at length 
Dif ED! 2) 543002, 22606 
12 


2)653232 


Therefore 32616 cubic inches of water 
will flow from an aperture of two inches in diame- 
ter in one minute, the orifice being made. nine 
inches from the furface, which is fuppofed to be 
_ kept at that height the whole time. 

) : rae 
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If a veflel of a prifmatic form is filled with wa- 
ter, and permitted to empty itfelf entirely through 
an orifice at the bottom, and the time that it con- 
fumes in emptying itfelf is obferved; and if after-. 
’ wards, having. replenifhed the veffel, the water is 
made to flow throtigh the fame aperture, the veffel 
being kept full the whole time, there will run out 
in this fecond inftance, during the fame time that the 
vefiel took to empty itfelf at firft, a quantity of 
_ water double that which runs out in the firft cafe, 
for the abftra¢tion of the water produces a kind of 
funnel, which in this laft cafe does not take place. 
We often perceive water flow through lateral 
apertures, which, though {mall in comparifon to the 
width of the refervoirs, cannot be regarded as hav- 
ing all their points at an equal diftance from the 
furface of the fluid; fuch, for example, as the 
apertures through which water fometimes flows in — 
-mills.. The common method of determining the 
quantity difcharged is as follows: fuppofe, in the - 
firft place, the aperture to be ftopped up by’a plate 
of metal, which is perforated with a number of 
holes; if each of thefe holes is regarded as 
particular and infulated, the rapidity ef the flow 
_ through each will be according to the corre{pondent 
height of the fluid; then if the number of holes 
are multiplied ad inj fnitum, or, which will amount 
“to the fame thing, ifthe plate i is fuppofed to be en- 
tirely taken away, the velocity at each point of the 
fuppofed orifice will be according to the corre- _ 
-  f{pondent Ne of the Ses and in eftimating the — 
! quantity 
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quantity of water difcharged, fome attention muft 
be paid to the inequality of the motion; yet it 
muft not be afferted that this reafoning is entirely 
conclufive. In proportion as the fum of the-fmall 
holes made in the plate is fmall in comparifon 
ewith the fize of the refervoir, the portions of water 
which flow through each hole are forced out by the 
abfolute weight of the column above; but the 
‘moment that the nomber of apertures augment 
ad infinitum, and the ftreams of water which 
run through them become contiguous, it cannot 
be clearly faid that the liquid flows in the fame 
‘manner as through fall infulated holes; yet as 
this hypothefis gives a refult fufficiently conform- 
able to experiments, it may be uleful to preferve 
it, and the more fo, as it leads to very fimple calcu- 
_lations, and in all common queftions this fimphicity 
_. may be preferable to the minutenefs of fractional 
Operations. 

The quantity of water which iffues from thefe 
apertures in a given time is not fo great as their 
‘fize might at firft fuggeft, becaufe the ftream is 
contraéted by running out of each orifice, and that 
contraction extends to a diftance nearly equal to 
half the diameter of the aperture ; ; and the diame- 
ter of the contracted ftream is to the diameter of the 
aperture a little more than as three to four, oras three 
and one-fixth to four, or nineteen to twenty-four ; 
fo that its area is to that of the aperture as ten to 
fixteen. It is nearly the fame when water ae 

through icra apertures. ‘The contraction of tl 
| hr 3 . fabie 


486 eae ifharge of Fluids [Book VIf. 


ftream is a proof of what has been before ftated; _ 


viz. that withinfide a veffel, the lateral iiivcielad 
direct themfelves towards the orifice with a motion ° 
more or lefs oblique ; and this oblique motion may 


be decompofed into two forces, the one parallel to , 


the plane of the orifice,.and which contraéts the~ 
ftream ; the other perpendicular to the fame plane, 
and the only one which produces the efflux. 

This contraction occurs alfo when water is made 
to flow through pipes, and that at the entrance of 
the water into adie pipe, and not at its exit, where the 
ftream preferves a cylindrical form. I fhall prove 
that this contraction diminifhes, in a fenfible man- 
ner, the quantity of water which would semen i 
flow. 

In order to afcertain thefe facts by experiment, 

_ many have been made. In all the following in- 
{tances the orifices, through which the water flow-. 
ed, were pierced perpendicularly through plates of 
copper of about one-twenty-fourth of an inch 
thick, and the time of each experiment is reduced, 
_ to one minute, a 


The 
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) No. 
‘The conftant height of the water above A ahd ay 
the center of each orifice was 13 feet  farnith- 


$ inches 10 lines. ed ina 
. : minute.~ 
Exp*. 1. Through an horizontal cir-_ 
cular orifice of 4 inch (6 
Hines} diameter. -  ° — 2,311 
2. Purough ditto of 1 inch 
diameter - = Aik OS ZOE + 
2. \hreugh ditto ef 2 inches 
iameter - - - 373203. 
4. . hrough an horizontal rect- 
ular orifice of 1 inch 
. long and «3, inch wide - 2,933 
ee Ai aah an horizontal fquare 
orifice of 1 inchthe fide - 11,817 
6. Through ditto of 2 inches | 
each fide of the orifice - 475361 
Conttant height = g feet. 
:, 4, Through a lateral circular 
orifice of + inch diameter - 9,018 
: 8. Through, ditto of .1 inch, 
diameter : - i 8,135 
' Conftant height = 4 feet. 
9. Through a lateral circular 
orifice of + inch diameter - 15353 
ro. Through ditto, of 1 inch 
diameter. - S - 554.36 * 


Conftant height = 7%, inch. 
11. Through a lateral circular 
orifice of 1 inch diameter - 628 
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It follows from the preceding table, . 

1. That the quantities of water difcharged in the. 
fame time, by different apertares, under the fame 
height of furface in the refervoir, are to each ether 
nearly as the areas of the apertures. - Compare 
together the refults of the fecond and third experi~- 
ments, of which the areas of the orifices are in the 
proportion of one to four, and it will be found 
that the quantities of water afforded, viz, nine 
thoufand two hundred and eighty-one cubic inches, 
and thirty-feven thoufand two hundred and three 
inches,’ are very nearly in the fame proportion, 

2. That the quantities of water difcharged in the 
fame time through the fame aperture, under diffe~__ 
rent heights of furface in the refervoirs, are to each. - 
other nearly as the fquare roots of the correfpond- 
ing heights of the water in the refervoir above the 
center of the aperture.’ Compare together the re- 
fults of the eighth and tenth experiments, where 
the heighths of the refervoirs are nine and four feet, 
the fquare roots of which are three and two, and it 
will be found that the two quantities of water, eight” 
thoufand one. hundred and thirty-five cubic inches, 
and five thoufand four hundred and thirty-fix cubic 
inches, which run through the fame orifice of one 
inch.diaméter under he different. heights of nine 
feet and four feet, are to each other nearly 3 in the 
proportion of three to two. : 

3. That in general the quantities of water dit 
charged in the fame time through different aper- 
tures, under different heights of furface in the re- 
lfervolrs, are to each other 4s the areas of the aper- 

A 
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tures are to the fquare roots of the heights of water 
in the refervcirs. 

4. That in confequence of the frigtion, the {mall 
apertures furnifh a lefs quantity of water in propor- 
tion than the great ones, under the fame height of | 
water in the refervoir; becaufe, comparatively to 
the extent of the area of each orifice, there are more 
points of friction again{t the fides of the orifice in 
the finall than there are in the great ones; for the 
circumferences do not diminifh fo much as the 
areas, 7 

5. That of many apertures of equal areas, that 
of which the circumference is the leaft will, on ac- 
count of the friction, furnifh more water than the 
others, under the fame height of the refervoir; 
circular apertures are; for this reafon, the moft.ad- 
_vantageous of ali; for the circumference of a circle 
is the thortefl line that can be made ufe of to inclofe 
a. given fpace; therefore there is lefs_ furface of 
friction relatively to the fize of the area. 

It is eafy to perceive, that the quantity of water 
difcharged in the table of experiments is not near 
fo ofeat as might be expected from the extent of the 
areas and the athe s of the refervoirs. The quan- 
tity is in fact dipinlhed by the friction, and ftill 
more by the contraction of the-ftream ; for the velo- 
ity which is in proportion to the entire altitude:of 
the fluid is not fenfibly changed. Suppoling, firft, that 
the area of the ftream is the fame as that of the ort- 
fice; and fuppofing, fecondly, that the ftream is 


"contracted, taen the difference .of the quantities 


afforded is as fixteen to ten; that is, fuppofing 
the 
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the area of the aperture to be diminifhed in the pro- 
portion of fixteen to ten, the difcharge of the fluid — 
out of veffels kept equally full may be determined 
with fufficient exactnefs. By the expreffion, 
an inch of water, 1s underftood the quantity which ~ 
flows out of a circularand lateral orifice of one inch 

diameter, the furface of the water being conftantly 

kept feven-twelfths of an inch above the center of 
the orifice. “This is, the cafe with the eleventh ex- 

periment in the preceding table, where it appears 
that the quantity of water furnifhed is fix hundred 

and twenty-eight cubic inches. M. Mariotte, who 

made the fame experiment, found the quantity to 

be a little more; but it is probable that he might 
commit 2 fmall error, becaufe the experiment I 

have jolt cited was made, M. Briffon, informs us,’ 
with the utmoft care and attention. A (French) 

pint of water, he adds, inftead of weighing two 

pounds, as is commonly believed, is proved to falk 

fhort of that weight confiderably, as will be evi- 

dent by ftrictly examining that experiment. 

Thefe facts being premifed, I fhall requeft the 
attention of the reader, fecondly, to the difeharge of 
fluids through additional pipes. yt: 

- When, inftead of caufing water to pafs through an 
aperture made in a thin fubftance, it is made to 
flow through an additional vertical pipe of the fame 
diameter with the orifice, the quantity of water 
diicharged 1s more confiderable, becaufe the con- 
traction of the ftream is greater in the firft cafe 
"than in the fecond. , 


ie 
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In the following experiments, the conftant heicht 

_of the water in the reférvoir above the upper bafe 
of the additional vertical pipe is 11 feet 822 inches 
(French) and the diameter of the pipe one inch. 


* 


. 


Number of cubic inches 


The ‘variable heights of the of water difcharged in 


tube expreffed in lines. 


one minute. 
Lines: | 
Exper. BIER wal oe 48 ‘The water a al 12,274 
; running 
PT OA througha a 4 se 12,188 
3. - - 18] full pipe. - - 12,168 
The water 
A. e 18 not filling er ve 9,252 


i the pipe. 


- It appears from this table of experiments, that the 
longer the vertical pipe is, the greater will be the 
quantity of water difcharged, becaufe the contrac- 
‘tion of the ftream is lefs, as may be feen by com- 
paring’ the three firft experiments. There is al- 
ways, however, fome contraction, though the water 
appears to flow out of a full pipe. 

/ In comparing the quantities of water difcharged 
in the third and fourth experiments, it will appear; 
that the two quantities, 12,168 cubic inches and 
| 9,282 cubic inches, are to each other nearly in the 
telation of thirteen to ten; but it has been obferve 
before, that the quantity of water difcharged 
through an aperture made in a thin fubMance, if the. 
ftream) was not: contratted,. would: be to the quan- 
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tity of water difcharged through the fame orifice, - 
if the ftream was contracted, nearly as fixteen to tem. 


Hence then it may be concluded, that the height ‘of 
the water in the refervoir and the different aper- 
tures being the fame, the quantity of water difcharg- 
ed through an orifice made in a thin fubftance, in 
which there was no contraction of the ftream, the 


quantity of water difcharged through an additional 


pipe, and the quantity which would flow through an 
orifice made in a thin partition, tn which there was 2 
contraction of the f{tream, are to each other nearly 
as the three numbers, fixteen, thirteen, © ten, and 
thefe pronernons are found fufficiently accurate for 
common purpofes. - 

Hence alfo it may be inferred, that sdaitiousl 
pipes counteract only in part the contraction of the 


ftream. - The moft fenfible of all contractions of | 


this nature is that which takes place when water 
flows from a large refervoir through a {mall aperture 
made in a thin fubftance. | 

If the additional pipe, inftead of being vertical, or 
placed in the bottom of the veffel or refervoir, is 
horizontal, or placed 1 in the fide, it will afford the 
fame quantity of water, provided that it is of the 
fame length, and that the exterior aperture is placed 
at the fame difance below the furface of the water 
in the refervotr. 

If the addittonal pipe, inftead of being ‘unable 
is conical, having its lareeft bafe actdetied to the fide 
of the refervoir, it will nee? a much greater quan- 
tity of water. The moft advantageous form, in- 


Y 


deed, for /procuri ng the greateft quantity of water — 


: in, 
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‘in a given time through a certain aperture, is that 
which the ftream itfelf naturally affumes in coming 
out of an aperture in a thin fubftance ; that is, the 
form given to the pipe fhould be that ofa truncated 
cone, the diameter-of the fmaller bafe of which 
fhould be the fame as that of the aperture through 
which the water is to flow. 

It is neceffaty alfo, that the area of the finaller 
bafe fhould be to the area of the greater as ten 
to fixteen; and the diftance between the two bafes 
fhould be nearly equal to half the diameter of the 
~ greater bafe. The remainder of the length of the 
_ pipe may be either cylindrical or prifmatic. The 
difcharge will then be equally abundant with that 
which would take place through an aperture equal 
to the fmaller bafe made in a thin partition, and 
in which the ftream fuffered no contraction. This 
form may be applied to practice. whenever it is re- 
quired to draw a certain quantity of water from a 
river by an aqueduct, &c. prongs a canal or late- 
Jal pipe. 

__ If we compare the different quantities of water 
difcharged through additional pipes of different di- 
ameters with aitercat altitudes of the water in the 
refervoirs, we fhall have the refults ftated in the 
following table, the additional pipes being fup- 
poled to be two inches long, and vertical, or placed 
in the bottom of the refervoitr 


, The 
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(e a 
The confltant height |The diameter of the addi-} No. of cubic 
of the water above | ‘tional pipes in twelfths of| inches dif-_ 


the aperture. “an inch (lines). charged in i 
nee one mibwate 


ene 


ecnepaennesnaeidimmtate a 


Ex. £2 


C 62 The “water running eid 
2s 552 105 through a full pipe, 4y703é 
3+! isaven | 67 The water not fol-| ) 1,293. 
my , ‘3 10 lowing the fides. | 33598: 
5.) [ 6} The water: running | § 15222. 
6. 583 10 through a full pipe-| 3,402: 
ye lines, °t The water not filling: 9 35: 
g. J ‘" 10 the tube. 2,603. 


The firtt inference from thefe experiments is, 
that the quantity of water difcharged by different 
additional pipes, under the fame height of water in 
the refervoir, is proportional to the areas of the 
apertures, or to the iquares of their diameters. 

Secondly, it appears that the quantities of water 
difcharged through additional ‘pipes of the fame 
diameter, under different altitudes of water in the 
refervoir; are proportional to the sss root of the 
altitude. 

Thirdly, that in general the ‘cian hed of water 
difcharged in the fame {pace of time through dif- 
ferent additional pipes, under different heights of 
water in the refervoir, are to each other nearly as 
the product of the fquare of the diameters of the — 
pipes by the fquare root of the altitude of the 
refervoirs. ; 


‘ 
é 


The | 
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The efflux of water, therefore, through addi- 
“cional pipes, follows the fame laws as water when 
difcharged through apertures, made in thin fub. 
ftances. .On thefe experiments the following table 
was formed, of the.quantities of water difeharoed 
through a given aperture made in a thin Gotiaes 
fashihne eine ftream to fuffer no contraction, or 
through the fame aperture with a contradtion of ve 
ftream, or through the fame aperture. with an 
additional PARC: 


Conftant 
height of {Cubicinches off Ginie inches of | Cubic inches 
the water |water difcharg-| oe difcharo. | Of water dif- 
-inthere-- }| edinone mi- | 04 in one tte charged in.one 
fervoir {nute through an nute through an minute through 
above the japerture ef one) oa gional pipe | 2” aperture of 
* aperture, | amchdiameter | ofa. inch dia. | One inch dia- 
expreffed | without any mecter and twa] ainecet witha 
in 4 contraction of inches long. contratted 
{French} the. ftream. bie fiream, 
feet. 
I 4331 3439 2722 
2 6169 5002 3846 
aitig 7589 6126 47 LO 
4 8763 7979 $436 
5 9797 7900 6075 
6 107 32 8654 6654. 
iy, 11$92 9340 71383 
oe 12392 9975 7672 
9 13144 10579 8135 
10 13865 Tirgi 3574. 
IL 14530 11693 8990 
12 isi8o 12205 9334. 
13 15797 12699 9764 
14 16393 13107 10130 
1S: 16968 1 3626 T0472 


if. There 
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Ill, There is no application of the doctrines of 
hydraulics more furprifing, of more gratifying to 
the eye, than that which is feen in the variety of 
artificial fountains, or jets d’eau, which the inge- 
nuity of man has been able to conftrué: for orna- 
ment in general, and for ule in fome inftances, par- 
ticularly in warm climates. | The principles on 
which thefe are conftructed it wilh not be: difficult; 
after wHat has been itated, fully to comprehend. 

Whatever may be the direction of the jet or 
fountain, the quantity of water expended will be 
the fame, provided that the . adjutage*, and the 
‘Height of the refervoir above ‘the adjutage, is the 
fame. This is a neceflary confequence of the 
equal preffure_of fluids in all. directions.“ 
Water, when difcharged through an ajutage, 

however fmall it may Bt. has a valent fufficient 
to raife it to the height of the-furface of the water 
contained in the micaighr, fo that a vertical jet d’ 
eau throws.up the water as high as the réfervoir: 
whence it proceeds; if nothing obftructs it. 

, There are, however, many caufés which con- 
tribute to diminifh the elevation of water by jets 
‘d'eau. Firft; the friction in the ee from the refer- 
voir to the ajutage; fecondly, the fridtion againtt 
the circumference of the aperture 5° thirdly, the > 
refiftance of the air to the motion of the column; 
fourthly, the eravity. of the particles of water 
themf{elves, which, in rifing, lofe fome of their velo- 
city, and recoil upon thole which fucceed them. - 


*-A tube which is fitted to the m outh of she veflel | through 
which the fountain is played. : 


‘pee ou is Thus, 
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Thus, by inclining the pipe a little, we find that 
the water will rile higher than when it is exactly 
vertical; but in this cafe, the effect is not fo agree- 
able to the eye of the {pectator, as when the water 
which rifes above the pipe into the air falls perpen- 
dicularly, in a manner, back upon itfelf. 

When the ajutage is placed in an oblique direc- 
‘tion to the horizon, the furce of the projeétion and 
the gravity of the water caufe the ftream which af 
cends into the air to form a parabola, the amplitude 
of which 1 is in proportion to the height of the refer- 


When the ajutage is placed agnor the 
water forms a fermi parabola. 

Fountains elevate the water in proportion as the 
. aperture of their ajutages is large; becaufe, firft, if’ 
two jets d’eaux proceeding from the fame refervoir, 
and flowing from their ajutages with an equal degree 
of velocity, the greater will, in the firft pla.e, expe- 
rience lef fri€tion; and fecondly, it has a eréater 
mais, and coaiequently more power to overcome 
the obftacles which may opp sofe it. 

~But, though large jets d’eau elevate water 
higher than {mall ones, they do noc. expend a 
greater quantity in proportion; for the quantity of 
- water difcharged is as the product of the aperture 
of the ajutzge by the degree of velociry at the time 
of the difcharge; and this velocity is the fame in 
beth, no allowance being made for the friction. 
’ In-order to make large fountains elevate water 
3 higher than fmall ones, ic is evidently neceflary that 
: the conducting pipes fhould be fufficiently large to 
- furnifh water in abundance; for if they are {mall, 
* Vout, II, K k experience 
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experience proves that the fmall fountains in that 
cafe will elevate water higher than larger ones; it 
follows then, that the diameter of the pipe, which 
conveys the water, fhould be in proportion to that 
of the ajutage, in order to elevate the water to the 
greateft poffible height. dl | 

If we compare two different jets d’ eau, and are 
defirous that each fhould elevate water to the greatett 
poffible height, it is neceflary that the {quares of the 
diameters of the conduit pipes fhould be in prepor- 
tion to each other in the compound ratio of the dia- 
‘meters of the ajutages and the fquare root of ‘the 
altitudes of the refervoirs. Thus, if it is known by 
experiment what the diameter of a conduit pipe 
fhould be, to fupply an ajutage of given dimen- 
fions,. it may be eafily determined what the diame- 
ter of another pipe fhould be to furnifh another 
ajutage of a determinate fize, the height of the re- 
fervoir being alfo given. 

It has oe aoa by experiments, that -when, the 
diameter of the ajutage is half an inch, and the — 
height of the refervoir fifty-two feet, the diameter of 
the. pipe which conducts the water ought to be — 
three inches and a quarter; and that for an ajutage — 
-of half an inch diameter, the height of the tefervoir 
being fixteen feet, the diameter of the pipe ought to qj 
be About two inches and one-third. - There is ne 
inconvenience in making the conduit pipe of a great- — 

er diameter than is focites by this rule; hear the © 
contr. ‘ary, there would be an: inconvenience ‘in 
making it of a fmaller diameter. xs 
~ Sometimes the ajutage is made in the form of a. 
cone, and fometimes in that of a cylinder 5 but | 


"chole 4 


ws 
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thofe one conceive that it is indifferent in get tye 


figs thofe forms i it is made are miftaken, for the cylin- 
» drical form is by far the moft dif.d: antageous, 


By comparing any experiments made upon 
artificial fountains, it has been determined, that the 
differences between the altitudes of vertical jets and : 

the height. of their re‘ervoirs are to each other as 
the fquares of the altitudes of the former. . If 


then it is known what quantity cf water a jet ele- 


vates at a certain height of the refervow, the quan- 


tity which any ot her jet of a-egiven height’ will 


elevate, compared with the height of its Eat 
may be eafily found by the rule of fingle proportion. 

When it is neceflary.to.bend .the conducting 
pipes,-the utmoft care fhould be taken to bhalid 
bending them at right angles, for the ftriking of 


‘the current again{t bi el angles very conti. ‘erably - 


diminifhes ne velocity. 
The ‘fellowing table will greatly facilitate the 


“application of thefe principtes. 


‘ 


The, heights of jets, and the*correfpondent 


heights of ref rvoirs, are found in» the two Grft 


columns. The third column contains in (Paris) 


‘pints, of which thirty fix make a cubic foot, the 
quantities of water. difcharged in. ope minute 
‘through an ajutage of half an inch diameter, rela- 


tively to the heights in the fecond column, The 
_ quantity difcharged through an ‘ajutage of half an 
“inch diameter being known, the quantity. which 


will be difcharged by any other ajutage, under the 


fame height: of the refervoir, may be found by fingle 
proportion ; for it has already been proved, that the 


_ quantities | of water difcharged are to each other as 
ings ae Kk 2 the 


500 Artificial Fountains; [Book VIf. 


the areas of the ajutages, or as the fquares of their 
diameters. In the fourth column are found the 
diameters for the conducting pipes of an ajutage of 
half an inch diameter, according to the heights i in 
the fecond column. ‘The diameters of pipes for 
other ajutages, and other heights of the refervoir, 
are found by following the preceding rule. 

Fraétions are not obferved in the calculations for 
the two laft columns. 


Quantities of wa- 
ter difcharged in | Diameters of the 


The heights’ | The heights of one minute pipes, according 
of jets, ex- | refervoirs, in feet | through an aju- | to the 2d aud 3d 
prefied in and inches. tage of half an columns,’ in 

feet. inch diameter, in lines, 
pints. ; 
Feet. Feet. Inches. Piatra Lines. 
LY 5 I 32 | a | 
10 10.0 sw 45 26 
ES Ig g 56 28 
20 Seed 65 31 
RNG? Sen lyst te 73 33 
BOD IF ISRO 81 34 
Ba hoad hak 88 36 
4.0 45 4. 95 i A 
45 §levg Op 101 38 
50 53.4 108 39. 
Soy. OF NM ted TIA 40 
60 FFE SG 120 AE 
65 TONEY LN @ eplts 42 
7O | 86 4 4 131 43 
75 93 9 136 | 44 
80 Bt Mii 142 45 
o§ | 109 41 147 46 
0 il EO 152 47 
95 | 125 1 158 48 
ico sO fC Wi eae 163 49 ‘ 
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IV. From objects of mere pleafure and orna- 
ment, our attention is next folicited to an invention 
of eminent utility, and of ancient date, though the 
modern improvements are very confiderable even 
in this branch of mechanics. | 

Pumps are hydraulic engines, defigned for the 
purpofe of elevating water; they are compofed of 
hollow cylinders AB (Plate VII. Fig. 3.) or EF 
(Plate VIII.fig. 1.) of an equal diameter throughout 
their whole length, which ts called the body of the pump, 
and in which a kind of ftopple I, called the pi/fon, is 
made to flide, or move up anddown. The pifton 
is put in motion by means of a rod of metal X x, 
at the extremity of which X the handle is placed, 
and elevated by the lever X Y, or by fome other 
contrivance; to this is annexed a pipe AT (Plate 
VII. Fig. 3.) to condu@ the water to the height 
required ; and, laftly, the fuckers S s. 

There are feveral kinds of pumps; fome are 
called fucking pumps and others forcing pumps, 
and there are others which are at the fame time 
both fucking and forcing pumps. 

The rai/ing pump is compofed of the body of the 
pump AB, (Plate VII. Fig. 3.) to the lower part 
of which is affixed the end of a pipe BN, open at 
the bottom, or (which is ftill better) pierced with 
holes its whole length, in fuch a manner that large 
_ pieces of dirt and rubbith may be prevented ae 
entering the body of the pump. At the union of 
this: end of the pipe with the body of the pump Is 
_ placed'a valve or fucker s, which, when raifed up 
by the prefitire of the water beneath, permits the 

K k 3 fluid 


the water A AL 
~ may affume the pof 
ay confequently. the wi 


i caules the fucker 5 


egy mre cam 


502 oe The raifiag - [Book VIE, 
fluidto-afcend into the body of the pump, but which, 
by being preffed down, again by the aGion of the 


pump, prevents effectually the efflux of the water by 
the fame aperture. In the bo 'y of the pump there is 


«a box or pifton I, pierced quite through, fornithed 
at the upper end sib a fucker S,. and joined. at x, 
by the affiftance ofa head fomewhat i in the form.of 
that of a pair of cor 


§ 


fies, to the rod. gege. 
aid of a lever X VAY 
the body of the pu 
A T, which has its f 


enables it to act by 
the upper part io 
placed, the railing F ) 3 
T. . This pump © ht to be placed in a pe 
bafon, in, fuch | manner. that the: body « 
pump. AB f fhould be. tirely, under the fact 1c 


is Sait ie lowerin 
er YZ X, fo that the 
9Zi #, the pifton will 
the body of the pump, where it will create < 
perfect vacuum equal to the diftance Xz 
beneath will raife the. 
s, and will pals out of the bafon into 
When the_pifton 3] wered | zane pI i 

| rand Oo ad K€ ie | 
thich was bel 
a. fecond ex 
oT water is elevate 
at 1 quantity 
La: terwards to2 
= manner: as the firf 
number 0 e} 


ifi ing pipe AT is, 


_ Now if the pifte on 
extremity Y of the | 
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this is accomplifhed, at every exertion or ftroke of the 
pifton there is ejected at the fpout or difcharging 
pipe T a mafs of water equal to a cylinder, the bafe 
of which is equal to the width of the pifton, and of 
_ aheight equal to the fpace through which the pifton 
paffes in the body of the pump. ‘This. {pace is 
commonly called the. play of the pilton. 

It is not difficult to eftimate the weight of the 
column of water with which the pifton is charged, 
when the raifing pipe is full, and confequently the 
force which is neceffary to be exerted in Y in order 
to work the-pump. It has been obferved before, 
that fluids prefs in proportion to their perpendicular 
height, and the width of the bafe which. oppofes 


their defcent. Ina pump, this bafe is the pifton, — 


and the perpendicular height is that of the raifing 
pipe above the furface of the water; fo that when 
the raifing pipe is full, the charge upon the pifton 
is equal to the weight of a rdintlet of water, the 
diameter of which is equal to that of the pifton, and 


the height equal to that of the raifing pipe above the 


furface of the water, whatever may be the diameter 
of the mounting pipe; and this charge or weight 
upon the pifton is eafily calculated, when itis known 
that a cylinder of water of one foot diameter and one 
foot high weighs about fifty-five (French) porns 
It Riltobiat herkore? that the weight of a: column 
of water is not diminifhed by Pthintthings the dia- 
meter of the raifing pipe; but that, on the contrary; 
the refiftance which ought to be overcome is even 
| augmented on account ‘Of the ihcteafe of the fric- 
tion, which is more confiderable in fimall pipes 
| Kk 4 than 


é 
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than in large ones, becaufe Ke relative furfaces 
augment as the diameters diminifh. Thus, only 
Air'the expence, it would be. wrong to make, as 1s 


commonly done, the raifing pipe {maller than the — si, 


body of the pump; on the contrary, it would be 


better to conftruct it of a diameter greater than that 


of the body of the pump, as the fiiction would be 
proportionably diminifhed. _ . 

The forcing pump is compofed of the ads of 
the pump C D, (Plate VII Fig. 4.) ftopped clofe 


at the bottom, but entirely open above, and in — i 
which is a pifton K, which only differs from that . ~ 


of the pump already defcribed in this, that its 
fucker S is placed at the bottom inftead of the top, 
This pifton, like that of the pump juft mentioned, 
is. put in aétion by means of the lever YXZ, 
which has its point of fupport in Z. The raifing 
pipe A O is placed at the fide of the body of the 
pump, with which it communicates, and is furnifh- 
ed with a fucker 5 in its lower part, and witha 
fpout O at its upper extremity. This pump, as 
well as the preceding, ought to be immerfed in 
a well or bafon in fuch a manner that the body 
of the pump-C D fhould be sargey under the 
furface of the water AA. | 

The water fills the body of the pump by falling 
through the aperture C, and by paffing over the 
pifton. K, the fucker of it S, confidering its 
pofition, will naturally open, If the pifton K is 
lowered, by placing the lever Y X Z in the pofi- 
tion y 4 Z, the réfiftance of the water againft the 
fucker § will clofe it immediately. This water 


ie 3" | then, pice 
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then, being incapable of repaffing above the pifton, 
is forced up the pipe A O, by raifing up the fucker 
_ g. As foon as the pifton is raifed again, the fucker sis 
clofed by the preffure of the water which is above, 
and the fucker S is opened by its own weight’ A 
new mafs of water then paffes below the pifton, 
_ which, by a fecond depreffion of the pifton, is 
forced to pafs, like the firft, into the pipe AO; 
fo that by a certain number of ftrokes of the 
pifton that pipe becomes full of water, which is then 
difcharged at the {pout O as in the pump already 
defcribed. Ifthe piftons in both of them are of 
the fame diameter, and the raifing pipes of the 
fame perpendicular height, the weight of the two 
columns of water will be equal, and the two 
pumps will require the fame power to work them; 
for in that cafe it requires the fame power to elevate 
the pifton charged with a column of water as it 
does to force the column of water with the pifton. ~ 
The fucking* pump (Plate VIII. Fig. 1.) is 
compofed of the body of the pump EF, open above, 
and with a pipe of afpiration or fucking pipe F P 
adapted to the lower part. At the union of this. 
pipe with the body of the pump 1s a fucker s, de- 
fiened to permit the water, while the pifton qs raif- 
ed, to enterthrough the pipe of afpiration P FE. 
into the body of the pump F E, and to prevent it, 
_ while the pifton is lowering, from being difcharged 
the fame way. In the body of the pump js a 


* So called, becaufe it was originally fuppofed, but errones 
eufly, ta act by fuétion, 
| pifton 


, 
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puton L, made like ‘thar at I in Plate VIL. Bigiogs, 


and which is put ina¢tion in the fame manner by the — 


 affiftance of the lever KX ZY. This pump fhould 
be placed 3 in fuch manner as,to have only the lower 
extremity of the asco pipe F P. plunged into 
the water. | 

While the. pump remains” inactive, the'n two 
fuckers S and s are. ‘naturally. clofed from. their 
own weight. Ifthe pifton Lis raifed up by means 


of putting the lever,.X ZY. in the fituation u Z 5: 
the column of air which refts above is elevated, 
and the.air which is clofed up in the afpiration pipe, _ 


from ,the. furface of the | water,.@ to the pifton, 


having then more ipace to occupy, becomes more 
rarified than the external air... This laft then prefies 


_ more forcibly upon the furface of the water a, and 
caufes it to rife in the afpiration pipe, till the mte- 
rior, air has regained its former denfity by occupy- 
ing lefs, fpace. . Thus, after feveral ftrokes of. the 
pifton, the water reaches the body of, the pump, 
and pafies over the pifton, by railing up the fuckers 
s and S, one after another, andthe pifton, by, its 


fubfequent elevation, forces tne water to efcape at 


the {pout Ee 
As it is the preffure of the air. w hich saute the 
water, to rife in this pump, and as this preffure can 


faftain only a column of water .of about thirty-two — 


feet, itis clear that the afpiration or, fucking pipe 
| fhould not exceed that length. 1n common practice, 1 it 
is indeed feldom made fo long as thirty-two feet. In 
order that the preffure of the atmofphere may.be 
fuch as to fuftain a column of water of that hei ight, 


P5130 “ike it 


= 


25 Stengel agile pcs py PRPS 


> . , q = 4 
6 5 3 --» - A . _— Saat =e s = 
ee a ee ee ae eh ee me 


eee ee <* eS ie te 
Sgt pe Sta om lt a ee I ae 


~ oie 


ines ~p a 


irwet ane 


i i ae 


ss 
ee ee 


Chap. 3:5] Paepe , 509 
it is neceflary, firft, that the fucking pump fhould 
be made with the greatelt darian and). that it 
fhould continue in a perfect ftate; fecondly, that 
it fhould be placed upon the level of the fea, or 
very near it, becaufe it is there that the preffure of 
-the atmofphere is moft forcible ; thirdly, that 
the preffure of the air fhould not vary ; but in ge- 
neral all thefe circumftances are not required.’ Me- 
chanics are fatisfied, in general, with making the afpi- 
ration pipe twenty- three or twenty-four feet long. Lf 
it is neceflary to elevate water to a greater heisht, 
the forcing pump is more commodious for thar 
purpofe. The latter, it is true, is fubject to feveral 
" inconveniencies. It is neceflary to place the body 
of the pump either in wells or in a bafon; and 
when it is required to repair it, which often hap- 
pens, one of two things is neceffary, either to 
empty the well or the bafon, or to draw up the 
body of the pump, which is extremely troublefome 
and expenfive. To remedy thefe 1 inconvemiencies, 
the beft and moft ufual mode is, when water is 
to be elevated from a great depth, to make ‘the 
pump at once both a Heats and fucking pump, in 
the manner which | fhall prefently explain. 

In the year 1766 it was reported, through the 
channel of the public papers, that at Seville,in Spain, | 
afimple fucking pump had been conftructed, which 

elevated water to the height of fixty feet, and 
it was confequently nonieltieled that the world had 
till then been notorioufly impofed upon by the cur- 

_ rent maxim, that, the’ preffure of the air could. raife 
a column of water only to the height of thirty-two 
feet, 
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feet. M. Briffon has carefully examined into the 
fact, and his explanation is curious and intereft- 
ing. 
Anignorant tinman, at Seville, had made.a fuck- 
‘ing pump fixty feet long, becaufe he had occafion to 
elevate the water to that height. When the pump 
was fixed in its place, and put in action, he was 
unable to make the water rife into the body of the 
pump. Enraged at this difappointment, he gave 
it a blow with his hammer, which produced a 
a {mall aperture in the afpiration pipe at about ten 
feet above the furface of the water. in the. bafon. 
Immediately a {mall portion of water arrived at the 
body of the pump. After this procefs it was re- 
ported, that a fucking pump had been conftructed,. 
which elevated water to the height of fixty feet; 
but the reader will be enabled to judge of the truth 
of this affertion from the following obfervations: 
Let us fuppofe that the afpiration pipe, PF 
(Plate Vill. Fig. 1.) had from a, the furface of the 
water os bafon, to F, a diitance of fixty feet, and 
that after a certain number of ftrokes of the pifton, 
the water rifes to ¢, thirty two feet high; if then 
a fmall hole is made at 4, ten feet above the fur- 
face of the water, the air which enters at this hole, 
and preffes in all directions, will caufe the column 
of water of ten feet, which is below 4, to fall into 
the bafon, and the preffure of the air upwards at 
b has only a column of water of twenty- “two feet 
zo fupport. F 
But that preffure is capable not'only of raifing 
that column st sat of fixty feet, but even to 


Ke 


Ps . . . the 


Chap. 3.] Pump. 509 


the height of eight thoufand feet; for air, near the 
furface of the earth, is eight hundred times lefg 
denfe than water, and fuppofing (which is not the 
cafe) it was not diminifhed in elevating, then the 
ten feet of water, cut off by the preffure of the 
air at 6, downwards, would be more than equiva- 
Jent to eight thoufand feet of air. The column of 
air, Resear, which prefies at 4, will be too ftrong 
for more than eight thoufand feet; thus the: 
twenty two feet of water remaining above will not 
be in equilibrium with the column of air tll after 
it has rifen higher than eight thoufand {eet. 
In order to have a fecond portion of water with 
a pump of this conftruction, it is in the firft place 
neceflary to ftop the aperture which was made at 
b, then to give feveral ftrokes with the pifton. to 
elevate the water as high as ¢; and laftly, to open 
again the orifice at d. Obferve the fimplicity of 
-this procefs for raifing fo {mall a quantity of water ! 
for it is necefiary that the afpiration pipe fhould be 
of a very fmall diameter, otherwife the column of 
water would break, and the air would pafs through, 
and not one drop of water could be raifed into the 
body of the pump. This fact (adds M. Briffon) may 
ferve to convince thofe who are fond of novelty, 
that before an opinion generally received is pro- 
nounced to be falfe, it is neceflary to think twice 
at the leaft, A fhort time after the conftructing of 
this pump at Seville, M. Bellangé, a goldfmith in 
Paris, made one-in imitation of it, to which he 
gave the additional property of throwing water 
fifty-five feet high, by means of a continued jet or 
2. | . ejecting 


4 
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ejecting pipe, though the machine Was only a 


fimple fucking pump. 99 
To fal bodiéd pump“ of two inches and 


one-twelfth in the interior diameter, the’ pitton _ 
of which had eight inches play, he adapted ‘an . 


afpiration pipe of ten twelfths’ of an inch dia- 
meter, ‘and fifty-fix' feet long; this pipe was: fur- 
“nifhed with a fucker ac its junGion with the body 
‘of the pump, ‘and with another at its lower ektre- 
mity. “This extremity was plunged into a tun full” 
of water. M. Bellaneé had made a {mall perfora- 
tion in this pipe of sade one twenty-fourth of an 
inch diameter, at twelve or fifteen inches’ above 
the furface of the water in the tun. ~The™ appa- 
-yatus being’ difpofed of in this manner, he moved — 
the pifton cently, but the ‘water ‘did: ‘tot rife; 
thefmall hole furnified 4 fufficient quantity of ‘aie 
to fill the afpiration ‘pipe. He’ then moved ‘the 
pifton with great velocity; the {mall hole could not, 


‘info fhort a {pace of time, furnifh a fuficient quan- 


tity’ of air to fill the pipe s ; a little water rofe and’ 
mixed itfelf with the air, fo that the column be-. 
came compofed of fmall cylinders, alternately of 
air “and© water, and though it~ was: fifty-five feer 
high, it!was much fhort if the ‘weight of 2’ column 


of water thirty-two feet high. 1f we calculate,” 


therefore, according to the diameter of the body of 


the pump; and the extent in which the j ifton preys: 


ed, what quantity of water this pump woul! Have 


farnifhed if the. air had not entered, and then cone‘ 


parethis quantity with that which i really furnifh- 


ed, we fhail find that the latter is greatly inferior ; ; 


Er doi : for 


&, ~~ 
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for infix minutes five hundred and thirty ftrokes 


of the pifton may be:given; which would furnith 


only thirty fix: pints:of water; this pump, there- 


fore; would not furnith the eighth: part of the water 


which it ought to: do upon. the common ‘principles » 


of the fucking pump; fo that though “the ‘on- 
ftrution ia appear to be’more ingenious, it was ” 


- motin reality to be preferred to that of Seville. 
| <> The- compound forcing pump is compofed of ‘the 


body of the pump GH, (Plate VIII. Fig.4.) open 
above, and the afpiration pipe HV adapted to the 
lower end. At thesunion ‘of this pive with the 


body of the pump is. a fucker S,:defigned for the 


fame ufe as in’ ithe fimple fucking pump. In. 
the body of the pump is» pifton' M, not pierced 


- asithe preceding, but folid, and put in ation by the 
, aid of the rod.w X, and, of the lever Y X0Z, which 
has its point of fupport, or fulcrum, in-Z." At the 


fide ofthe pump, |and towards the wattle of its 


body, 1s adapted: ia -raifing. pipe HR, furnifhed 


with a fucker s near its leitcd and with \a {pour R 


near its fuperior’ extremity. “Fhis pump ‘ought to. - 


be placed in fuch a manner that the lower extres 
mity only, of the SPuRIO? i HV fhould be 


~ ammerfed under water. 


It is eafy to perceive that the firft action of sil 
pump will be the fame as that of - the: fucking 


pump, which has. been defcribed ; for ifr the . 
pilton M is raifed by putting the lever YX Zin | 


the fituation yuZ, the column of air which’ refts 
above will be elevated; the air which is in’ 
the afpiration-pipe will become, by that means; 

| rarer 


above ite 


of carrying water to any height whi 
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rarer than the exterior air. The latter then 
preffes more forcibly upon the furface of the water 
A.A, and carries it, after fome: ftrokes of the 
pifton, into the body of the pump ; when itis ar- 
rived there, if the pifton M is lowered, the flicker 


S will lof e, and the water is forced alone 


raifing-pipe HR, by. the rifing of the fucke 
which, as foon as the prefiure ckadessed falls again 
from | its own weight and: that of the Wa 


© his pump is very convenient, on account 
body being placed out of water, which affords a1 
opportunity of making the neceffary repairs (with 
facility, and alfo. on account of its besobt capable 


quired ¢ i in order to effec this, all th ’ ' 
is, to lengthen the raifing- pipe, and to aug 
hh 
power which puts the pump in action. 
this is at prefent the moft ufual form, of - 
called. forcing pumps in this country. " 
‘The fire engine is an hydraulic engin 


Ss << 


,may be claffed with the pump that Ih 


feribed. It is at once a fucking andforcing pump, 


but Ahasa continued jet, or ejeCting pipe, 
has . only one body. ‘The effential 


venient length. ‘This pump (Plate | xX. is 


pump are compofed, like the com : 
(Plate, Vil. Fig. Bi } with this difference, that its 
it inftead of 


a folid Ta pipe it has a ie be of a con- 


then compofed of the body of che | pun i Hap H, open 
| the -afpiration 
1 ses, Pipe 
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HT. Atthe union of this pipe with the body of. 
the pump is placed a fucker S, defigned to prevent 
“the water, which has once paffed into the body 
“of the pump, from returning into the bafon. In 
the body of the pump is a pifton M, not pierced 
‘but folid, and which is put in motion by the aid of a 
metal rod * X, and of a lever Y X Z, which has 
its fulcrum or point of fupport in Z.  To- 
‘wards the bottom of the pump, in the fide, is an 
aperture C; which is covered again by means of 
a'valve c/; of which the tail 7 is.the fpring, and 
which is fixed on with a {mall ferew. This valve 
‘is defigned to prevent the water, which is expelled 
from the ‘body of the pump, from entering again 
“when the pifton’M is raifed. The body of the pump 
-is'farrounded with a pipe AB DE, about two or 
‘three inches more in diameter than the body of the ~ 
‘pump; and the interinediate fpace between them. | 
is filled with air. ‘To the lower part of this pipe, 
~ and upon the fide, is adapted another {mall crooked 
‘pipe ER, furnifhed at the end R with a fucker s, 
‘and with a ferew ferule, intended to receive a nut, 
“by means of which the leathern pipe is joined to 
‘this end of ‘the engine, and which ferves inftead of 
‘the raifing pipe “in the common forcing pump. 
“Allithis apparatus is placed (as may be feen in 
Plate IX. Fig. 2.) upon a box or cafe NO lin- 
-ed with lead, which contains the water. The crofs. 
_ ‘bar Q fupports the upper end F (Fig. 1.) of the 
body of the pump, which, fot that purpofe, 
“is of a‘fmaller diameter than the reft ; and the lid L 
(Fig.'2.) of the box has an.aperture in the middle, 
my OL. 11. L 1 te 
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; to admit the afpiration pipe H T to 58 through 
it. 

3 ye rom this explanation it will be rind that if 
the pifton M is raifed up by putting the lever 
Y XZ inthe fituation ywZ, the fucker s and the 


valve c, placed inC, will be clofed by the preffure 6f 


the exterior air. ‘ This fame preffure, exercifing its _ 


force upon the furface of the water V V, obliges 
“it to pafs into the body of the pump by raifing»up 
the fucker S. It then acts as a fucking pump; but 
‘when the pifton M is lowered, its preffure clofes the 
fucker S, and opens the valve which i8 in C;. the 
water then pafies, not only ‘into. the leathern pipe 


‘@bd, (Fig. 2.) by raifing up the fuckers (Fig.1:) — 


‘but alfo into the fpace between the body of) the 
pump and the pipe which inclofes it, by rifing to- 
wards 1 K, and compreffes the air which is confined 
‘there. Immediately after the pifton M_ is» raifed 
_again, that air, being no longer compreffed, unfolds 


itlelf by its elafticity; a¢ts upon the water which is — 


between the body of the pump and the pipe which 
inclofed it, and forces it alfo into the leathern pipe, 
fo that when the pifton is lowered, the water. is 
- forced by the pifton itfelf, and when itis raifed, the 
- water is forced by the. elafticity of the air, which 


--furnithés a continued ftream, though the pam, has | 


; only one body or principaltube.» 2.0 
Jtis evident that thefe fire engines hankee. able 
to furnifh a continued ftream, and this can only: be 
‘ eneed by employing the elafticity of the air, while 
the pifton i isrifing; but inorderto effect this,,a double 
} force i is required to sia the pump. Jn-motion;. in 


ether 3 


ek ee ce 


gibi it a force mates tr expelling the delet 
of water, and an equal force to comprefs the air. 
But this. is not an inconvenience, for, in cafe of fire, 
it very feldom happens that hands are wanting to 
affitt; on the contrary, it frequently happens that 


the affemblage of people i is rather too numerous. 


Such is the engine which M. Briffon has defcrib- 
ed, and it is, I Pee, that which is in common 
ufein France. Its. fimplicity i 1S admirable ; aver an 


-apprehend that our Englifh fire engines are more 


powerful, and furnifh a more uninterrupted, ftream 


or current. of water through the leathern pipe. 
In Fig. 3. isa reprefentation of . our _im- 
proved. fire engine. ‘This, the reader will fee, is 
wrought by two forcing pumps, which act alternate- 
ly s,and the {tream 1s made. continual from. the 
{pring of: air confined j ina ftrong metal veflel C C, 
“in «the fire. _ engine: AB, fixed between the , two 
.forcing pumps D and. E,. wrought with a.common 
double. lever FG moving on i has center H. . The 
_pittons. in D and E both fuck and force, alternately, 
and are here reprefented 4 in. their different actions, 
-as are alfo the refpective valves at 1K and LM. 


The water to fupply this engine, if there is no 


‘opportunity of pucting theend of a fucking pipe, 


-occafionally to be {crewed on, into. a moat or canal 


at 


“(which would {pare much: hurry and labour. in cafe 
of fire) is:poured:into ‘the veffel AB; and being 


» {trained through the wire grate N is, by the paeftare 
- of the atmofphere, raifed through the valves K and 
Minto the barrels of D or E, when either of their 
-forcers: afcend; whence agains upon their defcent, it 
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| will be powerfully propelled! into the air-vee e 
) Cc ot through the valves I and gs by: tujns : re ‘the 
éommon air then ‘between ‘the water and the ' 
of the air-veftel v C will from time to ‘time be for- 
. eibly crowded 1 into Wer room, and much’ comprefié 3. 
and the; air being i in that condenfed f ‘ate poftefied ‘ 0 
a ftrong and lively {pring, and always endeavouring 
: o dildte rittalt ¢ every way equally in fach ‘a circum- 
tance, ‘bears ftrongly both! againtt the ‘fides ‘of the 
velfel wherein it is “confined, Ae the. farfice of the 
water thus ‘njeded; ahd thus produces a conftane 
. regular ftream, which Tiles through the-nmeérdl 4 pipe 
be Pi into the leather one Qn this latter being ee. 
fk feetly 48 may be~ ed se tia 3 ms ‘and — 
| 2 € cafe ser EO SRR 
air contained in this vélfel be ‘eomn- 


| _» ‘prefied ti o ha fhe pace’. took ‘up in’ “ite i natural 


) ? fi" it will 'be® nearly”: ‘dou- 
cous Ble any GabREW"eniialied ‘and was able ‘to 
‘fuftain the preffure' of ‘the’ AeHO(pHere fince it has 
‘now a’ double force, by the power of | thar’ ‘pring, 
. ‘alone it’ will throw water into air of the Common — 
| degree” of ‘denfity “abotit “thirty ‘feet high. “And | 
- “fhould thi s ¢ompreffiure! Be til nted, vi 2 the 
. “quantity of ail, which’a fi ‘filled thie w W 
“be sete “into Rue Se oft that 
n> 5 rel wi } 
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wherever the fervice fhall require a ftill greater rife 
‘of water, more. water mutft be fied into. this 
veffel; the air therein being thus driven by 
' force into a ftill narrower compals, at each ex- 
plofion, its gradual reftitution to its firft dimen- 
fions is what regularly carries on the ftream be- 
tween the ftrokes, and renders it continual during 
the operation of the machine. mis, 
Various agents are employed to put pumps in 
action, fuch as men, horfes, ftreams of water, va- 
pour, wind, &c. Small pumps, fuch as thofe in 
common. wells, or fire engines, are generally 
| wrought by men. When a confiderable quantity 
_ of, water is required to be raifed, the moving power 
mutt be increafed; and in order that a regular 
effort may be employed, or very nearly fo, feveral 
additions are. occafionally made to the mechanifm of 
pumps, fo that when one fet of piftons defcend an- 
other fet may be made to rife by the fame force. 
‘The great engine at Marli is wrought by an appa- 
ratus GE this ‘ind. 
_ The aétion of thefe engines depends upon the 
regularity of the alternate motion of the fuckers or 
valves. It follows then, that thefe fhould be fo 
conftructed and difpofed as perfectly to retain the 
water when they are clofed, and.to open eafily when 
the aétion of the machine is directed to that object, 


V. Ofthe motion of water in conduit pipes, 
When it is required to conduct water from 
one place to another; it is very clear that the con- 
ducting pipes muft be longer than the {pace through 
which i itis to be ephpeyed. eae | 
: Lg. ey | In 
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“In treating of the difcharge of water through 
zdditional pipes, . I have taken but a curfory notice 
of the refiftance by. friction, becaufe there ‘it is 
fcarcely perceptible ; ; but i is not the fame with 
refpect to pipes of confiderable extent ; the fri@tion 
of the water againft their fides leflens ‘eohtfiheee 
ably the velocity of the flowing water, as has been 
proved by ex <perjments. - I fhall firtt eer of redti- 
linear pipes, 

In the following experiments two ‘pipes were 
employed, one of an inch and a quarter diameter, 
and the other of two inches, ub he two pipes v were 
fucceffively lengthened from thirty feet to one 
huncred and eighty; ; and the conftant height of the 
water in the. refervoir, above the pipes, was fome- 
times one foot, and fometimes CWO. ot 

The following table fhews the refults. of thefe | 


experiments: oe, 


The number of 
cubic inches of 
water furnifhed 
in one minute, by | 
a pipe ofan inch 
and a quarter — 


The conftant 

height of the 

water in the 
refervoir 
‘above the 


The cipher of 
cubfc inches of - 
water furnifhe 
in one minute by" 
a pipe of two 


The diftance to 
which the 
water was cene- 
veyed, exprefied 
in feet. 


« pipe,ininches. diameter.; inches diameters 
woah af i438 2778 7680 
ce 690 1957 | 5564 
Me Aydy 1587 4534 
eb ib axe) 1351 3944 
.' 150 1178 3486 
ae 189 19§2 Vii i Bbrg 
Dae in go 4066 11219 
i Rs =, 60 2888 cinder 8190s... 
AEE 999. dn 2352, 6812 
2 120 201 4 | Seams 
2 he 7 1762 4232 
2 18064 


fy 
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If, by the aid of the table of additional pipes, 
which has been before inferted, we fhould with to find 
the quantity of water difcharged by two additional 


pipes of one inch and one-third and two inches 


diameter, under.the fame height of the refervoir, 
and without having any re ate to friction, but only 
to the areas of the orifices of the pipes, it will be 
found, that during one minute, 

1. The height of the refervoir being one foot the 
pipe of one inch and one-third diameter, in this 
cafe there will be difcharged fix thoufand two hun- 
dred and ninety-two cubic inches of water. 

2. The height of the refervoir being two feet, 
the fame pipe will furnifh eight thoufand eight hun- 


dred and ninety-three cubic inches of water, 


3. The height of the refervoir ‘being one foot, 


and the pipe two inches in diameter, there will be 


difcharged fourteen thoufand one hundred and Hibs 
fix hae inches of water. 7 
4. The height of the refervoir being two feet, che 
fame pipe will ay twenty thoufand and eight 
cubic inches of wz 
It is eafy to eae that thefe quantities ey wa- 


ter are much greater than the correfponding quan- 


tities in the ahha table; and that the quantity 


| furnifhed by each pipe diminifhes, in fact, in pro- 


portion to its length, becaufe there is thena ereater 


furface of iGion, But it muft be remarked, that 
_ the diminution of the quantity of water difcharged 


is not exactly in proportion to the length of the 
‘pipe. The difcharge is indeed diminifhed as the 
pipe is made lofiger ; but this diminution decreafes 


bec Lig. (if 


520, Difeharge of Water. [Book Wife 


Gf I may. ufe the expreffion) in the progrefs of the 
current ; for the firft thirty feet the difcharge is 
diminifhed much more than in the fecond thirty 
feet ; and the third augmentation of thirty feet to 
the length diminifhes the difcharge fill lefs than:the 
fecéndig and fo of the reft. The refult of all this 
is, that in: common praétice, where great precifion 
1s Not required, it may be laid down as a rule, that 
the quantities of water difcharged 1 in equal-times, 
through the fame horizontal pipe, under the fame 
height of the refervoir, and at: different diftances 
from the: fource or, refervoir, are to each othet 
nearly in an inverfe prepeon'| of the tepared roots 
of thefe diftances. ohted 
It may be obferyed from the preceding table, 
| that a pipe of one inch and one-third diameter fore 
nifhes lefs water in proportion than one of two inches 
diameter, under. the fame height of the refervoir, 
and of the fame length. The reafon of this is, be> 
caufe there is, relatively to the quantities of water 
which thefe pipes will contain, more furface of 
friction in the. {mall pipe than in the larger ones it 
If the fame pipe was curvilinear inftead of being. 
ftrait, the difcharge would ftill be diminifhed from 
this circumftance, though not in any confiderable- 
degree; but the diminution would be ftill greater if 
the curvilinear pipe was placed in a vertical inftead 
of a horizontal pofition. The diminution (fmall as it 
js) 1s produced. by the refiftance which the water 
meets in running againft the angles of the pipe, 
which Brae it of a part of its soe soa 
OL bhi Bautig 
p bok But 
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But if the pipe, inftead of being curvilinear, was 
angular i in feveral points, the diminution would be 
greater, and the more fo in proportion as thofé 
angles fhould be more acute, becaufe then the re- 
fiftance to the water would be more direct, When 
the pipes are curved, and their curvature vertical, 
as in Plate X. Fig, 1. there are then declivities aad 
‘afcents in which the air will lodge, and refift or even 
impede the courfe of the water. For example, 
let ABCDEFG be a pipe, the upper ex- 
tremity of which A anfwers to a refervoir which 
fupplies it with water, and the extremity G goes to 
furnifh a fountain. The pipe being filled with 
nothing but air, and water being rade. to run from 
A, this water will drive the air before i it, and fill the 

portion ofthe pipe A B mare than the portion BC; 
the water having arrived at the bending C, will ow 
down the havent part of this bending, andi will pro- 
ceed to fill the bending D, leaying behind it the 
column of air C D, which cannot efcape. The wa- 
ter, continuing to run, will rife from D to E, and 
having drdivcil there, it will {till flow down the 
iste part of this declivity to fill the bent F, leaving 
behind ita fecond column of air EF, which will re- 
main confined there, notwithftanding the preffure 
of the column AB; for the Béltiih of air CD 
cannot counterbalance the preflure of the column 
of water D E, any more than the column of air E F 
is capable of counterbalancing the column of water 
FI; fo that though the water in the pipe AB is 
confiderably above the level G, the water can only 
rife towards I, and there ceafes to flow, ‘The only 
| remedy 
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remedy is, to let out the two:cohumns ofair CD. and 
EF, by placing at the elbow of the bendings two. 
fmall pipes C and E, through which the air may. 
efcape} and'when the courfe of the water is well ar-. 
ranged the ae or: fiee be slofed with: pungere 


NE of the ofcillatory mation oft water ina 
fiphon. iy ; . 
It is well known that te iio ip die dicitta: 
tions of two. pendulums of unequal lengths are ‘to 
each other as the fquare. roots of thofe lengths, 
The ofcillatory motion of water in a fiphon i 1S of the 
fame nature. 

Suppofe’ a fiphon” (Fig. o,) conpated: of Lite 
branches, two verticle /”, mo, and one hori- 
zontal 203; fuppofe that the interior diameter of 
the fiphon 1s equal through 1 its whole extent; that fs 

in this fiphon, the fluid, in a ftate of reft, occupies 
the fpace anod; then the two furfaces ad, ¢d, are 

upon.a level. Suppofe then, that, by fome caute, 

the liquid is forced to defcend to g 4, in the branch 

mo, and confequently to elevate itfelf to ef, in the 
branch /2; as foon as this caufe ceafes to act, the — 
fluid will be operated upon merely by the common. 

laws of gravitation. and motion. |The excefs of the 
length of the colunin ex, above that of the column 
ho, will force the fluid to defcend, and that even 

below the level of the other, on account..of the 
acceleration of, its. defcent, which will caufe the — 


fluid in the-other branch me to rife; the fluid will 


then defcend and afcend alternately, or in. ofcilla- ° 
tions fimilar to thofe of a pendulum ; and the devi- 
ation of each of thefe ofcillations will be precifely 

the 
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the fame as that of the ofcillations ‘of a pendulum 
half as. long as the ¢ length p qr of the column a 
the fluid. 

~ Since the ofcillations of water follow the fame 
jaw as thofe of a pendulum, it follows, that if the 
length of the column of water is augmented or di- 
hihithed, the duration of each ofcillation will be 

-augmented or diminifhed. 


VII. The ofcillatory motion of water in waves 
has been compared by Sir Ifaac Newton* to the 
ofcillatory motion of water in a fiphon. 

Let ABCDEF (Fig. 3.) be fuppofed a fheet | 
of water, the furface of which rifes and falls in fuc- 
ceflive waves; let AC FE be the tops of thefe waves, 

and B D F the intermediate hollows or concavities, 
which feparate them. As the waves are formed by 
the fucceffive afcent and defcent of the water in fuch 
a manner that the higher parts become the lower, 
and fo alternately 1 fucceffively, and as the 
weight of the elevated’ water is the moving power 
hich caufes the loweft parts to afcend re the 
higheft to defcend, thefe alternate rifings and fall- 
ings are confidered as analogous to the oicillatory 
‘motion of water in a fiphon, and they obferve the 
fame laws relative to their duration. 

If there is then a pendulum, the length of which is 
‘equal to half the tranfverfal diftance that ‘exifts be- 
‘tween the top or apex of a wave A (for example) 

“and the cavity B, that is equal to half A 4, the 
highett parts will become the loweft in the fame 


* Principia, re 2. prop. 45. 
{pace 
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fin of time in which this: pendulum vibrates, 
and in the fpace of another ofcillation they will agaity 
become the higheft. Each of thefe waves then, 
will roll its aver courfe during the time which the 
pendulum takes in performing two ofcillations ; 
and as a pendulum four times the length of the 
preceding, that is, the length of which is, equal. to 
the with of the wave AC, will make only one 
ofcillation, while the firft makes two, it follows, 
that the waves perform their ofcillations in the 
fame fpace of time as a pendulum equal i in length 
to the width of the fame waves would perform its 
ofcillations, What is meant by the width of waves, 
is the tranfverfal fpace AC, which is between’ wit 
ereateft elevations, or the fpace B D, which i is : bes 
tween their greateft concavities. Ag 

It follows from thefe premifes, that waves, which 
are about three feet and three quarters of an inch 
wide, roll their whole width during a’ fecond. of 
time, and confequently they roll one hundred and 
eighty-three feet fix inches and five-fixths in a mi- 
nute, and in an hour.eleven thoufand and. fourteen 
feet two inches; waves four times as wide will — 
roll this {pace in twice the times it follows then, 
that the wider or more expanded the waves are, 

the ereater will be the {pace which ey will roll 
over in a given time. 

But what has now been {tated ‘Peon the 
motion of waves, is founded ‘upon this hypothefis, 
that all the parts of the water rife and fall in right 
lines; yet it muft be obferved, that both their rife 
and fall are more cipils atie made i in sib: lines 

ahs ty : ' than 
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than in ftrait ones; fo ‘that the determination eiven 
above refpedcting the {pace which waves roll over in 
a given time ‘may be regarded only as an appeen 
ination to the page 3 


VI. Theis ‘motion: ie sitive ls aged upon by the 
fall or force of water, though ftri@ly a branch of 
mechanics, ‘is yet: intimately. connected: with the 
fcience of hydraulics. | i 
/' The wheels of .fome Gonke. niills are farni (hed « 
wich wings, float-boards, or ‘fhelves, at their cir- 
cumiference, with overy ictle or no. concavity; 
others are furnifhed with a kindof ladles or boxes, 
which ‘will contain a confiderable quantity of water. 
In the firft cafe; the water acts: upon the wheels 
‘principally by its fhock or fall; in the fecond, by 
its'weight. 1 fhall firft {peak of wheels moved by 
=“ fhocks of the water. | 
» Tt has been proved by experience, that the more 
‘guitieBoubsie wings or float-boards arein proportion 
-to: the diameter of the wheel, the fafterit moves. To 
awheels’of twenty feet diameter, there:are;commonly - 
*placedabout forty float-boards; but a greater humber, 
as for example forty-eight, would be {till more ad- 
-vantageous. To the wheels of thofe mills which are 
\raifed upon boats or rafts in rivers, there are ufually 
sonly eight or ten floats; but thefe wheels. would 
vhave more effect ifthey had fifteen or fixteens 
“1 When a wheel with wings or) float-boards turns 
ina kind of frame or cafe, fo ‘as to prevent:the 
‘water from falling immediately yinto the general 
current, the impulfe which it receives from.the -wa- 

“tex is about one-fifth greater in proportion to the 
velocity 


~~ 
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velocity. ‘of the fluid; than it would. receive in. an 
unconfined ftream,: becaufe. in the latter cafe. the 
water which. abounds is turned .behind the. float, 
and refifts it; on the contrary, when. the. wheel : 
moves in a frame; there is only a {mall quantity of 
water, which moves with asmuch melodii or with 
rather more, than the float-boards 9s » 9 9,01) 

It has been proved byexperience, that wets | 
cafe or frame is but juft wide and: deep enough to 


admit the wheel to move freely, \and'the water has 


an opportunity of running out after having given its 
fhock or impulfe, the direét and perpendicular force 
againft; the floats of the wheel ‘is ‘about twice the 


Fars which the float would receive ifit was plunged 
to the fame: depth in an unconfined! current. 62 of 


When a wheel furnifhed with forty-eight ‘floats 
turns ina cafe or frame, andit is-notiplunged very 
deep in the water, its circumference \will have about 
two-fifths of the velocity of the current, in! which 
cafe the machine will producethegrearéft effect.» 

| It appears that float-boards are the moft.advan- 
tageous when they are. placed’ inva direéb line 
towards the center. of the wheels) becaufe- but 


few of them would be ,required, ‘firice they would 


then be ftruck perpeadicularly by the water, which 
produces the moft powerful, effedt. © When sthey. 
incline, thé fhock is oblique; !which-diminithes the 
effort; yet a certain degree’ of inclination; caufes 


-the:water to rife the length of the float, and to re- 
main there a certain time; it then acts by. its gra- 


-vity after having acted. by its: fhock or fall, and 


‘the effect which refults from. this arrangement: more 
~ than 
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than’compenfates for the diminution: which ~the 
‘fhock fuffered from the obliquity® with which the 

force was applied in the firft inftance. In general, 
‘the’ wheels placed im frames which have .a certain 

‘declivity fhould have their floats or buckets inclined 
fo much towards the radius as to: caufe them to be. 
truck in a more perpendicular ‘ditection, that they 
‘may receive ‘an augmentation vof force from the 
‘weight of the water. ‘The molt advantageous. im 
-Clination ‘of the: floats towards the radius: appears 

‘by ‘experience to” ee ra twenty and ane 

i AER o ; 

>A wheel lived near a refervoir «turns ceak 
debian ‘in any ‘other place, becaufethen the whole 
force of thedefcending fluid: is effectually applied; 
sbutiif there is: aneceflity for placing it.at the énd of 
the water-courfe, at a certain diftance from the 
srefervoir, the:channel of the water-courfe‘or frame 
‘fhould incline about the tenth part of its length, fo 
that the floping may give to the water that degree 
‘of velocity which would otherwife. be» deftroyed by 
friction; the wheel will then receive the. fame im- 
pulfecas ifit was placed clofe to the! refervoir. 
oo Water acting -by its weight produces: a.much 
~gréaterveffect than when: it acts by its) fhock. in, fall- 
‘ing. .M. Parent, in the year 1704, and M. Pitot, 
‘in 1725, indeed demonftrated; that.a wheel ,(fup- 

-pofed to be without frition) moved «by <a current 
‘of water, and defigned:'to elevate a portion of that 
swater to the height ofthat which puts it in. motion, is 
incapable of elevating it higher than “4, or + nearly ; 
whereas the water acting upon ‘theiwheel by. its 
Ren own 
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own wicight would be capable of. elevating to the 
height from which. it defcended half of the .water 
which defcended.. yetec meets 
When, therefore, we have only 4 fall. ate 
of water, and are obliged to hufband it well (which 
often happens, becaufe there. are more fmall {treams 
than large rivers) we fhould contrive to.make this 
water act- by its weight rather than by its; fhock 
or impulfe; for this purpofe; , inftead) of «having 
wheels with plain float-boards, ; they fhould»be fur- 
nifhed with concave or hollow: ones):refembling 
buckets, whenever we can have a fall of more:than 
‘four feet, and, efpecially where there! :is not;the 
neceflary quantity of water :tocturn a; meal with 
-wheels, furnifhed-with plain float-boards.. » 99 
'M. ‘Deparcieux, in the Memoirs» of -the’ French 
Academy of Sciences *, has proved;:that:theyflower 
wheels with buckets move, the «more: willibe:their 
effect withiancequal expence of water. (He niade.a 
{mall wheel of twenty inches diameter, the -cireum- 
ference of »which was furnifhed. -with forty-eight 
buckets. . Upon >the axis of this wheel. were | 
placed four: cylinders of different fizes; thes leaft 
was one inch in -diameter, the next two: inches; 
the thirdethree inches, and the :foutth swas;four 
inches in diameter.. Thefe cylinders were different 
-axes, about which a cord, which elevated a weight 
-by means of a:returning pully placed above the ma 
chine, wrapped itfelf. The axis of the: wheel» was 
fupported ateach end by two Telit ay pa ma 


*' For aks. year 17545 page 603 and. Gi tas 4“ 
motions 
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motion ; this was to diminifh the friction. To the 
fore part of the wheel, and a little higher than its 
axis, was attached a fmall fhelf, upon which was 
placed a veffel with a hole pierced in it on that fide 
towards the wheel, which was filled with water. 
Above this veffel was placed a large bottle full of 
water inverted, and the neck of it was plunged a 
few lines in the water of the vefie], in order that ~ 
the bottle fhould oniy empty itfe!f in proportion as 
the water in the veflel ran through the aperture. 
The water in flowing fell into a channel which car- 
ried it into the buckets-of the wheel. By this means 
he made fure of employing, at each experiment, 


always the fame quantity of water. 


The following table contains the refults of the 
experiments made by M. Deparcieux. He fome- 
times elevated weights of twelve ounces, and fome- 
times of twenty-four ounces: the heavieft, refifting 
the moft, compelled the wheel to turn flower. He 
wrapped the cords which-fupported tie weights fuc- 
céflively round the different cylinders, and found 
that the fame weight refifted more in proportion as 
its cord was wrapped round a larger cylinder. 


, ; : Elevation ofa 
os nag arn ke aes ETRE 
‘ ounces. 
1 Inches. | 692 Inches. . : You 
Oe (8 Onn re 43% 
aie How S12. wd bas 44z 
4 875 : 45% 
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or 


cylinder, or the elev arety weight was more confi 


derable, the wheel turned foren Tt appears ‘from 


thefe refults, that the fame weight was carried fo 


much higher according as its ar was wrapped 
round.a rain ayia It appears alfo, that double 


the weight Shin retarded the rotation ftill more, 


was ey to more than half of the height to which 


the fingle weight was carried; in that ‘cafe, there- 


fore, the efreee was greater, 
Rc may be laid down a8 a principle, that water 
a€ts by its weight much more forcibly from the 
fame height or “fall, than by its impulfe; and that 
the et wheels with buckets move, the greater, 
with the famé expence of water, will be their effect. 
This augmentation of effect is -caufed by the fame 
quantity of water acting longer, while the wheel 
moves with lefs velocity. ~~ 
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Saline/s of she Ocean. Lsdepabi Opinions as to the Caufe. LoPbbabh 
Reafins why the Sea has-been always falt.—T emperqture of the 
Sea at different Depths —Modes of rendering Sea-water free. 

HE greateft quantities of water with which 

we are acquainted are by no means pure, 

but’ united with faline matter. The ocean is falt 
in all parts of the world; but the degree: of faitnefs 
différs much in different climates, and is: almoft 
univerfally found to be greater in proportion as the 
water is taken up nearer the equator, where the 
heat of the fun is greateft; and the evaporation of 
the watery particlés ‘confequently more confiderable. 

When treating of fea falt, the refult of various obfer- 

vations salatin to this fubject were detailed. 

The caufe of thé faltnefs of the ocean has been a 
fubject of inveftigation among philofophers in al- 
moft all ages, bhid it ftill remains in great obfcurity. 
There can belittle doubt, that a large quantity of 
faline matter exifted in this elobe from the creation; 
and, at this day, we find Satna beds of fal gem, 
or common fait, buried in the earth, particularly 
near Cracow; but whether thefe colletions have 
been derived from the ocean, and depofited 1 in con- 
fequence of the evaporation of its waters in certain 

M m 2 circum~ 
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circumftances, or whether the ocean was itfelf — 
originally frefh, and received its {alt from collec- 
tions of faline matter fituated at its bottom, or from 
that brought by the influx of rivers, cannot now be - 
afcertained. No accurate obfervations on the de- 
eree of faltnefs of the ocean in particular latitudes 
were made till the prefent century, and it is not 
poffible, therefore, to afcertain what was the /fate of 
the fea at any confiderable diftance of time, nor, 
confequently, whether -its degree of faltnefs in- 
creafes, decreafes, or is flationary. From differences 
among. aquatic animals, however, fome of which 
feem adapted to falt water, and fome to.frefh, it is 
probable, that both thefe ftates of water exifted. 
from the creation of the world. We know it is 
true, that fome kinds of fifh, as falmon, are capable’ 
of exifting both in frefh and in falt water, and that 
habit has a powerful influence over all animals; but’ 
this is not fufficient to’ refute the main fa@y that’! 
fome kinds of fifh thrive only in lalt water, others 
in frefh ; fome in ftanding pools, and others in. — 
currents, ny 

» That excellent philofopher and chanaili to sible 
labours I am indebted for fome of the moft va- 
luable parts of thefe volumes, the bifhop of Landaff, 
has recommended a moft fimple and eafy mode of 
afcertaining the faltnefs of the fea in any latitude; 
and as the Janguage, in point of perigee and cor- 
reCtnefs, cannot be improved, I fhall take ‘thie liber ¥ 
of inferting a in his own words. O28 

‘ As itis not every perfon who can make. himfelf 
expert in the ufe of the commen means of eftimat- 


ing 
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ing the quantity of falt contained in fea water, I 
will mention -a method of doing it, which is fo 
eafy and fimple, that every common failor may 
underftand and practife it, and which, at the fame 
time, from the trials I have made of it, feems to be 
as exact a method as any that has yet been thought 
of.—Take a clean towel or any other piece of 
cloth, dry it well in the fun or before the fire, then 
weigh it accurately, and note down its weight; dip 
it in the fea water, and, when taken out, wring it 4 
little till ic will not drip, when hung up to dry; 
weigh it in this wet ftate, then dry it either in the 
fun or at the fire, and, when it is perfectly dry, 
weigh it again, The excefs of the weight of the 
wetted cloth above its original weight, is the 
weight of the fea water imbibed by the cloth; and 
the its of the weight of the cloth, after being 
dried, above its dridiid weight, is the weight of the 
‘falt retained by the cloth; and by comparing this 
weight with the weight of the fea water imbibed by 
the cloth, we obtain the proportion of falt contained 
in that fpecies of fea water. 

€ Whoever undertakes to afcertain the quantity 
of falt, contained in fea water, either by this or any 
other method, would dowell to obferve the {tate of 
the weather preceding the time when the fea water | 
is taken out of the fea, for the quantity of falt con- 
tained in the water near the furface may be influen- 
ced both by the antecedent moifture and the an- 
tecedent heat of the atmofpher eee 

Whether the fea is falter or not at different: 


: Watfon’s Chemical Effays, vol. u. p. 116. 
Mm 3 depths 
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depths has not yet been afcertained; but. that its 
temperature varies confiderably in proportion to the 
depth we have decifive proof. 

© With refpect to the temperature,’ fays bifhop 
Watton, “of the fea at different depths, it feems. 
reafonable enough to’fuppofe, that in fummer time - 
it will be Hotter: at the furfacé than at any confider- 
able depth below it, and that in winter it will be 
colder. Suppofe a ciftern, twelve feet in depth, to 
be filled with fpring water of 48 degrees warmth, 
_ tothe height of eleven feet; then, if-we fill up the 
ciftern to its top, by gently pouring water heated to 
100 degrees upon the furface of the {pring water, it. 
may readily be underftood, that the heat of this 
water .will not be inftantaneoufly communicated 
through the whole mafs of water.in the ciftern, but’ 
that the water will decreafe in heat from the furface 
to the bottom of the ciftern. On the other handy 
ifon the 11 feet of {pring water heated to 48 de-. 
orees, we pour a foot of water heated only to 33 de- 
grees, it may be expected, that the {pring water; 
which is neareft to the cold water, will be fooner 
cooled by it than that which is at a greater diftance; 
and on this account the water at the bottom of the 
ciftern will be warmer than that in the middle or at 
the top. It muft be obferved, however, that cold 
water being, bulk for bulk, heavier than hot wa-’ 
ter, the water which has only 33 degrees of heat 
will defcend, by its fuperior weigit, into the mafs of.» 
“water contained in the ciftern, and thus the water in 
the ciftern will be cooled, not only by the bare 
communication of cold from the upper water, but 


by 


of 
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by the actual mixture of that water with the reft, fo 
that the difference between the heat of the water at 
the bottom and top will not be fo great as it would 
have been if the cold water had not mixed itfelf 
with the reft. Thefe fuppofitions of hot and cold 
water incumbent on_ the {pring water in the ciftern, 
are analogous to the action of the fummer and win- 
ter atmofpheres incumbent on the furface of the fea. 
No perfon, who has bathed in deep ftanding water 
in fummer time, can have failed to obferve, that the 
water grew colder and colder, according to the 
depth to which he defcended. I have frequently 
obferved, that the furface of a pool of water of two 
feet in depth, has in a funny day, even in winter, 
been five degrees hotter than the water at its bot- 
tom. | 3 
‘Mr. Wales deferibes the inftrument he made 
ufe of for trying the temperature of the fea at dif- 
ferent depths, in the following terms: “ The appa-- 
ratus for trying the heat of the fea water at different 
depths confifted of a fquare wooden tube of about 
18 inches long and three inches fguare externally. 
It was fitted with a valve at the bottom, and ano- 
ther at the top, and had a contrivance for fufpend- 
ing the thermometer exactly in the middle of it, 
When.it was ufed it was faftened to the deep fea 
line, juft above the lead, fo that all the way as it 
defcended the water had a free pafiage through it, 
. by means of the valves which were then both open; 
but the inftant it began to be drawn up, both the 
valves clofed by the preffure of the water, and of 
. Mm 4 courfe 
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courfe the thermometer was brought up in a body 
of water of the fame temperature with that it was: 
let down to*.” With this inftrument, which is much 
the fame with one formerly defcribed by Mr. 
Boyle, in his obfervations about the faltnefs of the 
fea, water was fetched up from different depths. 
and its temperature accurately riage” in sine 3 toe 
feafons and latitudes. F 
: Augutt 27, 1772; fouth latitude 24°. 40°. iT he 
heat of the air was 722,—of the water at the furface. 
70,—of water from the depth of 80 fathoms 
68 +. r 
© December 27, 1772, fouth latitude 58°. ze 
The heat of the air was 31 ,—of the water at the 
furface St water from the. depth of 160 fa~ 
thoms 33; f. 3 ) 
© Inthe voyage to. the high northern latitudes: 
before mentioned, they made ufe of a bottle to. 
bring up water from the boftom, which is thus de~ 
(aes « The bottle had a coating of wool, 
three inches thick, which was wrapped up in an 
oiled fkin, and jet into a leather purfe, and. the 
whole inclofed in a weli-pitched canvas bag, firmly 
tied to the mouth of the bottle, fo that not a drop . 
of water could penetrate to its furface. A bit of 
lead fhaped like a cone, with its bafe downwards, 


* See Aftronomical Obfervations made ina Voyage towards 
the South Pole, &c. in 1772, 1773, &¢. Ne} WwW, 1 Wale, In- 
troduction, p. 53. | 

-t Wales’ Obfer, p. 206. ae: 

} Ibid. p. 208, ° ( 
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and a cord fixed to its finall’ end, was put into the 

bottle; and a piece of valve leather, with halfa 
.dozen flips of thin bladder, were ftrung on the cord, 
which, when pulled, effectually corked the bottle 
on the infide.”. I have here put down two of the 
experiments which were made during that voyage. 

© Auguft 4, 1773, north latitude 80°. 30%. The 
heat of the air was 32,—--of the water at the furface 
36,—of water fetched up from the depth of 60 - 
fathoms under the ice 29*. 

* September 4, 1773, north latitude 65°, The 
heat of the air was 66.,—of the water at the fur-~ 
face 55,—of water from the depth of 683 fathoms 
40. ) 

It appears from all thefe experiments that, when | 
the atmofphere was hotter than the furface of the 
fea, the fuperficial water was hotter than that at a 
great depth; and when the atmofphere was colder 
than the furface of the fea, it is evident that the fu- 
perficial water was fomewhat colder than that at a 
confiderable diftance below it: and I doubt not 
that this will generally be the cafe, though fudden 
changes in the temperature of the atmojphere, 
which cannot be inftantly communicated to the fea, 
may occafion particular exceptions. 

‘In the year 1779, feveral experiments were 

made, with great accuracy, in order to. inveftigate 
the temperature of the lake of Geneva, and of other 
_ Jakes in Switzerland, at different depths; we learn 
from them, that in winter time there is very little 


_* Voyage towards the North Pole, p. 143. 
f aie difference 
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- difference between the heat of the water at the fur- 
face, and at a great depth below it; but that in 
fummer, — the fuperficial water is confiderably - 
warmer than that which is at a great diftance from: 
. the furface.. The experiments were made with a 
thermometer graduated after Reaumur’s feale.; 
fome of them, reduced to Fahrenheit’s fcale, are 
expreffed below. bacaasil 
‘ Temperature of the lake of Geneva at different 
depths, in the beginning.of February. 1179 ater a 
month’s uninterrupted froft. reagan 
‘ Heat of the open air wepiable a 37 to 40 


degrees. gre yet? 
© Water at the furface of the lake 4255 
Depth 100 feet ~ = dan FRE 

Depth 250 feet — - = hon elgiet 

Depth 950 feet bottom faneen. 


‘ In another part of the lake, open air from 37 
to 40. 


Surface iyi 9: hy apeadl meme eee mbes 
Depth 350 feet fee A2e 
Depth 620 feet, bottom _ 4 1g, 


¢ Temperature of the lake of Neuchatel, July 


47) 1779: | | 
Air - ~ - ~ . V3 & 


Surface -  ~- - - 245 
Depth 225 feet, bottom ‘ 4i*,’ 


Sea water may be rendered frefh by freezing, 
which excludes or precipitates the faline particles, 
or by diftillation, which leaves the falt in a aes at 


* Watfon’s Chemical Effays, vol. ii.’ p. 129. 
2 the 
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“the bottom of the veffel. Upon thefe principles, 
a mode of obtaining a fupply of frefh water at fea 
was recommended fome years ago to the Admiralty, 
by Dr. Irving. It confifted in only adapting a tin 
tube of fuitable dimenfions to the lid of the common 
fhip’s kettle, and condenfing the fteam in a hogf- 
head which fervedas a receiver. By this mode a 
fupply of twenty-five gallons of frefh water per hour 
might be obtained from the kettle of one of our 
fhips of war. I have not underitood, however, 
that the plan has been as yet introduced into general 
- practice. 
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OF RAIN. 


Recapitulation of Doétrines relative ta fpoutaneous Evaporation. 
Vapour by fome fuppofed to confit of hollow Veficles.—Rain.— - 
Different Theories of Rain.——Snow.—Hail.— Rain which froxe 
in coming in contac! with the Earth.—Large Hail-ftones.— 
F ogs. —_Dew.—Hoar Srop.— Inftances of partial freezing when 
the general Temperature is above the freezing Point. 


N a preceding volume, when treating of the 

effects. of heat-or fire, and particularly of va- 
pour, it was neceflary to introduce a few obfetva- 
tions relative to fpontaneous evaporation. It is 
proper, however, to repeat, in this place, that phi- 
lofophers are by no means agreed with refpect to 
the caufe of this phenomenon. By fome it has 
been attributed to a folution of water in air fimilar 
to that of faline fubftances in water;* by others, to 
the action of the eleétric fluid. ~The firft of thefe 
opinions had till lately obtained aimoft univerfal 
afient, but is now<relinquifhed, fince it is found 
that evaporation proceeds, as well in the exhaufted 
receiver of the air pump, as when air is prefent. 
Electricity has been found to promote evaporation, 
and clouds are almoft univerfally electrical; but 
evaporation 1s carried on continually where there is 
no reafon to fuppofe the -prefence of the eleétric 
fluid, at leaft where. its operation cannot be difco- 
vered by any known teft. It is at prefent com- 
monly 
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monly fuppofed, that redundant heat is the general 
caufe of the evaporation of water, and that it al- 
ways proceeds in proportion to its temperature, 
compared with that of the furrounding medium. 

There is one circumttance very oa in favour 
of the opinion, that the emiffion of heat is the chief 
caufe of evaporation, which is, that every liquor 
cools when it evaporates, becaufe the portion of the 
fluid which difappears carries away a quantity of 
caloric from the liquor, which becomes latent in the 
vapour. 

A doubt has arifen among philofophers, whe- 
ther water, as it exifts in a tranfparent {tate 
in the atmofphere, is in particles of an uniform 
denfity, or affumes the form of hollow veficles. 
When there ts a tendency to rain or {now, it 
is known to exilt in the ftate of minute drops 
and icicles; but the folution is then <not per- 
fect, its tranfparency is impairéd, and. clouds are 
produced. 

The exiftence of hollow fpheres is faid to have 
been aétually obferved by feveral perfons ; but as a 
microfcope of confiderable magnifying power mutt 
be employed, this may have been a fource of error, 
and may have produced delufive appearances. The 
fimpleft and molt inftructive manner of obferving 
them is to expofe a cup of fome warm aqueous 
fluid; of a dark colour, as coffee, or water mixed 
with ink, to the rays of the fun ina fine day; when 
the air is very calm; a cloud will rife from the 
fluid to a certain height, and then difappear. An 
attentive eye will foon difcover that this cloud con- 
fits of {mall round grains, of a whitifh colour, and 

etached 


4 


) 
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detached one Aba the other. To acquire a more: 
diftinct idea of their form, they may be obferved, 
as they rife from. the furface of the liquor, with a 
Jens of about one “inch and.an half focus, | being | 


careful, however, to keep the lens out of the ya- 


pours, that they may not deprive it of tranfpa~ 


rency. 

Spherical balls of different gine may in Be man- 
ner be obferved proceeding from the furface with 
more or lefs rapidity. The more delicate rife 
fwiftly, and foon traverfe the field of the lens; the 
larger fall back into the cup, and, without mixing 


ware the fluid, roll upon, its furface like a hight, 


powder, which obeys every impulfe of the. alr. 


The. lightnefs of thefe {mall fpheres, their white- . 


nefs, &c. give them an appearance altogether « diffe 
rent from folid globules; their perfect refemblance 
to the larger balls, that are feen floating on the fur- 


face of the liquid, can leave no doubt of. their 


nature; it is fufficient to fee them to be convinéed 


that they are hollow. bubbles, like thofe blown 
from water and foap. .M. Krarzenftein, endea~ 


voured to eftimate their fize, by comparing them 


with a hair, and found that they were twelve times 


{maller than the hair, the diameter of which was the 
three hundredth part of an inch, and confequently 
one of thefe was only the three thoufand fix 
hundredth part of the fame meafure. _ 
Thefe bubbles may even be fometimes, it is faid, 
obferved in. a fog, or in a cloud, when the obfer- 


ver is fituated on a hill. To this end M. de Sauffure | 


wfed a lens of one and an half or two inches:focus, 
which 
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. which he held near his eye with one hand, in the 
| other he held any fmooth, flat, and polifhed : furface, 
of a black colour,. as the bottom GLa “tortoife’ 
fhell box, bringing this towards the leng till it was — 
! very near the focal diftance;, he then waited till the 
agitation of the air brought fome particles of the, 
cloud into the focus of the Jens ; when the cloud 
was thick this foon happened, and he perceived 
round and white particles, fome. pall ng with the 
rapidity of lightning, others moving flowly ; fome 
rolling on the furface of the freee fhell, others. 
ftriking againft it obliquely, and rebounding like a 
ball from a wall, and others fixing themfelves to it. 
Small drops of water might alfo be feen to fettle 
on the tortoife fhell, but they. were eafily diftin-" 
guifhed from the hollow fpherules, by their tranf- | 
parency, their gravity, and their pace, Further,’ 


clouds do not form a rainbow; it is produced by 


* folid drops; when acloud is notin an actual {tate of 
refolution, it does not change the form of the ftars 
which are feen through it; for infinitely thin menif- 


- . cuffes do not fenfibly change the courfe of the rays 


of light ; but as foon as the cloud begins to refolve 
itfelf into folid drops, or even qichbat clouds, 
when folid drops begin to be formed in the air, the 
ftars feen chro them are all defined, fur- 
rounded with a Outs light, circles, and halos; 
hence, thefe meteors are the forerunners of rain, 
for rain is nothing more than thefe drops augmented 
or united. When the veficular vapours are con- 
denfed by cold, the water which formed the bubble — 
cryftallizes, 
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cryftallizes, fometimes into hoar froft, fometimes 
into {now ; when it does not freeze, they unite in 
dew, or defcend in rain. Many other curious 
properties concerning the veficular and concrete 
vapours are related in M. de Sauffure’s Effai fur 
Hygrometrie*. . | 
The precipitation of water from thé atmo here, 
in rain has given rife to as much fpeculation as 
evaporation; and it muft be confeffed, that the caufe 
of neither -has yet been very clearly afcertained. 
By fome it is fuppofed, that the capacity of the air 
for fufpending aqueous vapour is in proportion to 
its heat, and therefore that any circumftance which 
cools the atmofphere will produce rain. If, there- 
fore, according to this theory, a ftratum of cold air 
meets with a warmer ftratum, a fall of rain is occa-~ 
fioned, becaufe the warmer ftratum is cooled, To 
this it has been replied, that by this mixture the 
colder ftratum muft be as. much warmed as the 
warmer is cooled, and, therefore, thatno precipitation 
ought to take place. In order to obviate this dif- 
ficulty, Dr. Hutton fuppofes that heat enables the 
atmofphere to fufpend water in an increafing ratio, 
according to the quantity of it. Thus, if two 
degrees of heat enable a certain quantity of air to 
fufpend two given meafures of water, three degrees 
of heat will enable the fame quantity of air to fuf- 
pend more than three fuch meafures. Upon this 
fuppofition, if two ftrata of air, each of which is 


* See Adams’s Ledtures on Natural Philofophy.  ~ 
a charged 
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charged with as':much water ‘as its temperature 
enables it to fufpend, meet together, .and are re- 
duced to a mean ‘temperature ; they. will not be 
able to’ fufpend as much water as in their feparate 
ftate, and a precipitation of -part:of: water will 
confequently’ be produced me 3 
Others confider rain as an parelidiunetinndeee- 
“non*, ‘and it is very ‘generally allowed, ‘that elec- 
tricity at leaft concurs with other’caufes in -pro- 
ducing it.’ Bodies ‘charged with’ the fame electri- 
city, whether it is negative or pofitive, always-repel 
each other, andthe ‘aqueous ' particles which com- 
pofeé clouds, being’actedon in this way, will -be pré- 
vented from uniting ‘into drops fufficiently largé to 
“fall to the earth.’ "The rapidity with which fain 
falls after a difcharge of lightning ‘from’ a cloud, 
tends much to confirm this opinion. Rain alfo 
falls heavieft from the center of a cloud; where the 
eleftric matter has been found-by experiment to be 
generally in ‘equilibrio; ‘while very ‘little is dif- 
charged from the edges, which are ufually'found to 
be sie@afied either pofitively or negatively. 
‘The wind has been fuppofed to have an effect in 
producing rain, by driving the aqueous particles 
“into contatt, and thus duane them tO unite into 
drops. But, by € experience, wind feems to have 


‘S "That theat has a confiderable influence? ae tilinfpending 
dgueous vapour, appears from the ‘phenomenon of «dew; 
which, the reader will. remember, , is part of the, water taken 
up By” the air during the day time, but which is | again depié- 
 fited'during the coolné{s” of the night. met 


+ See Book IV. chap. 6. 
VoL. II. : N n | the 
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the dire&: contrary influence;..and frequently pre- 
vents rain. paisa 
. » Befides rain, many other phenomena. are pro- 
.duced. by the capacity which air has, in different 
_circumftances of taking up, fufpending, and depo- 
- fiting water; the chink of thefe are fnow,’ hail, 
- fogs, clouds, dew, and hoar froft. | 
The cold of the: higher regions of the atmo- 
{phere is fometimes fo great, as to freeze the aque- 
_ous particles which form clouds. If the: particles 
become frozen before they have had time to unite 
__into-drops, . many of the {mall icicles which are 
_produced,. ‘uniting. together, and being connected 
only. at a few points,-. form flocculent cialis, which 
are called. fnow.,, The.order and. arrangement, of | 
the icicles.is not always the fame; they. vary. greatly, 
_and. this produces, the variety which is. obferved 
.in fhow.. It is remarkable, that though {now varies 
_at different times, yet, what falls together i is always 
-the fame; that is, the fnow which falls at a parti- 
_cular time, confifts of flakes, which vary only in 
fize, but are all formed of Parriclas difpofed i in a 
Aimilar manner. Weare not fufficiently acquainted 
with the Jaws by which the concretion or cryftalli- 
Zation of bodies are regulated, to explain the caufe 
_of -thefe phenomena. On account of the fmall 
| “quantity of matter contained in {now, in proportion ' 
-to the furfaces expofed, it meets with great refift- 
ance in paffing through the atmofphere, and confe- 
‘quently falls very flowly. Its great furface alfo 
shir it very bd a of SXEPOLED whieh 
-¢on~ 
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_. confiderably diminifhes . its joa even in’ ig 
coldeft weather. | 
If the cold.is for cregelacaca as to-allow the parti- 
eles of water to unite. into drops before congelation 
takes) place,’ particles\ef ice are produced, which 
are called hail. The fame thing may be fuppofed 
to happen when the lower regions of the atmofphere 
are colder-than the upper, which, though contrary to 
the general courfe of things, fometimes happens. In 
fuch a cafe, the aqueous particles, after having united 
above into.rain, are congealed in their defcent, and 
are converted into-hail,..In-theyear 1775 or 1776, 
rain fell at Liverpool, which became folid as foon as 
- it reached the furface of the earth, in fuch a man- 
‘ner as to give'a covering of ice to whatever was 
‘wet with it, and even to form icicles on the drefs 
of perfons expofed to it. Fhis phenomenon I bere: 
valfo witneffed elfewhere. 
Hail, when firft formed, muft be perfectly sity 
becaufe formed, from a fluid; and all fluids, when 
“placed in fuch fituations as to receive an equal 
preflure in every direction from the medium which 
~ furrounds them, saturally affume a {pherical form, 
(Hail, however, when it arrives at the earth is often 
~angulaf ; ‘this mutt be explained, either by fuppo- 
fing that the particles have begun to diffolve, or 
that they were fufficiently cold to congeal and at- 
tach to their furface, the aqueous particles with 
which they came into contact in their fall. Hiail, 
when firft formed, «is never larger than the drops of 
water which fall in rain; but from the caufe jut 
mentioned, hail-ftones have fometimes been known 
or ae to 
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to fall as large as nuts, ‘or even as hens? egos, In 
order to cinvigee ourfelves, that fuch: waillnbhes 
owe their extraordinary ‘ize to the additions’ whiclz 
they receive in falling, it isonly neceflary to’exa® 
mine them: they will almeft ‘uniformly be’ found 
to be angular, ahd ’never'to“have an uniforn? denfity 
from the circumference to'the center, which clearly 
proves, that they are compofed of different parti- 
eles of ice conneéted together. In confirmation’ of 
the fame opinion; it is obferved, that the hail which — 
falls’ on mountains, is’ fmaller than’ ‘that? which 
defcends in the neighbouring vallies. “The fame 
obfervation' has been ‘repeatedly made with'refpeét 
to rain, by perfons tm the ‘habit of afcending 
mountains, for the sid pe ‘of ail bec i 
ment.” °'*’ 

Tt foretimes happens from the fate of the atmo 
fphere, or a concurrence of ‘circumftances ‘not 
eafily to be afcertained, that a great quantity of 
aqueous particles are raifed in ‘the atmofphere, 
where, being incompletely diffolved, they form a 
thick vapour, which extends itfelf in the lower part 
of the atmofphere ; thefe particles, deftroying the 
tranfparency of the atrnofphere, form fogs. ‘Fogs 
are more frequent 1 in low, wet, and marfhy fitua- 
tions, near rivers and ponds, than in fuch parts of 2 
country as are elevated and dry. © ‘Te fometimes 
happens, that certain exhalations ‘are mixed With | 
fogs, which are perceived by their unpleafant fmell, 
and by an acute fenfation dyes is nul ee ae pies 
and eyes. hi sicii 

Foes are much more’ Hearn in ‘ha featons, 

5. ‘iialiees | and 
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’ -and in cold climates, than in fuch. as are warm, 
becaufe in the former, the, aqueous particles being 
condenfed almoft as foon as they proceed from the 
furface of the earth, are incapable of rifing into the 
higher parts of the atmofphere. If the cold is 
augmented, the fog freezes and attaches itfelf, in 
{mall icicles to the branches of trees, to the hair 
and clothes of perfons expofed to it, to the blades 
of erafs, &c. 

When fogs rife to a confiderable height ' in the 
‘atmofphere, and are collected in a denfe ftate, 
whether this happens from any action of the air or 
from other caufes, they form clouds, which float i in 
different regions of the atmofphere according to 
their Riesiie gravity ; fince they neceffarily rife 
‘or fall, till they arrive at that part of the atmo- 
{phere which is in equilibrium with themfelves. 
As the atmofphere is heavieft below, denfe and 
thick clouds, which are at the point of uniting into 
rain, float near the furface of the earth, while the 
fleecy and thin clouds foar aloft. We often obferve 
both kinds at different heights in the atmofphere at 
the fame time. As clouds are formed. of. water 
they are moft copioufly produced where the air has 
moft opportunity of acting on that fluid. Confe- 
quently winds which blow from the weft and fouth- 
weft, from the atlantic ocean, bring more clouds 
to this country than eafterly winds, which only pafs 
over a natrow channel of the fea. 

During the day time the fun heats the earth, 
water, air, and every thing which is expofed to its 
rays. ~The - heat’ communicated to all thefe bodies 

is diminithed after fun fet, but the air is more fud- 
Nn3 denly 
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denly cooled than the moré folid bodies. Heat, 
therefore, which has always a difpofition to dif- 
tribute. itfelf equally, pafles ‘fromthe furface of 
water and earth into the” air, and carries with | 
it fome aqueous particles, which are fufpended | 
near the furface.. When the cold increafes during | 
the night, thefe vapours are condenfed, and. occa- 
fion that dampnefs which is’ felt on the clothes of 
perfons expofed to the night air, and form that dew 
which is fo refrefhing to Peseta fcorched during . 
the day time by the fummier’s fun. ” isl 
In cold weather the dew becomes frozen’ into 
hoar froft, for the formation of which it is not-ne- 
ceffary that the earth, or even the air, thould be fo far 
cooled as to occafion the congelation of water into’ 
ice. ‘This fact can only be eas by confider= 
ing that thefe {mall drops of water expofe a large ~ 
furface to the action of the air; and by ‘this means nf 
evaporation, which powerfully produces cold, 
promoted. For the fame reafon clothes hung out 
to dry, are frequently frozen ftiff, when no ice is 
formed tn water expofed to the fame degree of cold, © 
but in circumftances lefs favourable to evaporation. 
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COC na py Vix 
OF SPRINGS AND RIVERS: 


Origin of Springs—Digging of Wellsm—Nature of Springs.— 
Marfbes.—Cheap and eafy Mode of draining them —lIntermit- 
ting Springs. — Rivers. —Their Source, Se. 


HE water which falls on the furface of the earth, 

in rain, fnow, &c. penetrates its fubftance 

cill it meets with a ftratum of clay, ftone, or fome — 
other matter which ftops its defcent ; it then glides 
laterally on the ftratum which fuftains it, and in the 
direétion to which it leans, till meeting with an aper- 
ture, it appears on the furface of the earth in the ~ 
form of a fpring. As water always has a tendency 
to defcend, {prings are always lower than the fource 
from, which they are fupplied ; fprings are moft 
common gn the fides and at the bottom of moun- 
tains; they are feldom found quite at the fummit of 
a mountain, and are rare where a country is every 
where level to a confiderable diftance, becaufe there ” 
the {trata are parallel, and do not conduct the water " 
toany particular point. In order to obtain water, 
therefore, in flat countries, it is in general neceflary 
to dig into the earth, when it 1s found to flow co- 
pioufly from the fides of the opening, at no great 
diftance from the furface. When wells are dug in 
elevated fituations, water is feldom met with till 
we have dug to a confiderable depth, and got below 


the general level of the country. 
Nn4 A curious 


_— 
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A curious circumftance occurs in the making of 
wells at Modena and Stiriain Italy. The workmen 
begin by digging through feveral {trata or foils, tilt 
they come to a very hard kind of earth much re- 
fembling chalk ; here they begin their mafon-work, 
and build a well, which they carry on at their leifure 
till they have finifhed it, without being interrupted 
with one drop of water, and pattie any appre- 
henfion of not finding it when they come to 
-make the experiment. The well being. finifhed, 
they bore through the hard.bed of chalk, upon 
which the well is built, with a long auger, but take 
‘éare to get out of the well before they draw it out 
‘again ; which when they have done,the water fprings 
-~up into the well, and in a little time rifes to the 
‘brim, nay fometimes overflows the neighbouring 
grounds. Now there can be little doubt, that thefe _ 
waters flow from refervoirs which are .colleéted 
within thé Appennine mountains, not far from 
‘Modena, and taking their courfe through fubter- 
fancous paflages, endeavour to force. their afcent 
to the fame height from which they defcend, sr a 
ever they can find a vent. (36) 

As all the water which. falls in rain bad under- 
gone a natural diftillation, it 1s much more pure 
when it firft’ falls, than after it has pafied through 
different ftrata of the earth and rifes in {prings. 
Spring water 1s always found to contain fome foreign 
admixture ; if this fhould be only an earthy falt, the 
water 1s called hard ; if it contains other fubftances, 
it then receives.the denomination of mineral water ; 
i but 
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but thefe will require to be treated of in a diftinc&t 
chapter. 

The water. which lies upon *inoeuae and {wampy 
grounds, has generally its fource in fome fpring, 
_ which is placed above the level of the marfh. The 
- foil, therefore, in thofe places, being generally of a 
fpongy texture imbibes the water, and permits it to 
difperfe through its whole mafs, rather than force 
its way through a certain aperture; and as marfh- 
lands are commonly level, the water will be more 
eafily diffufed through the foil, than it‘can be upon 
the declivity of a hill. The ereat art, therefore, in the 
draining of marfhes is to difcover the fource, which 
may be looked for on the brow of fome eminence 
which overhangs them; and it may generally be 
found by obferving where the bogey part grows 
narrow and angular, and points as to an apex, 
which is the {pring whence all the mifchief pro- 
~ ceeds. When the fource is once difcovered, the 
water may be eafily drawn off by drains, aqueduéts, 
or pipes, according to the circumftances of the 
cafe. The common mode of draining land by 
cutting deep trenches, -or drains, dhroubh the 
marfh “itfelf, to ferve as refervoirs for the water, 
is much more laborious and expenfive, and indeed 
feldom anfwers the end propofed ; for as foon as 
the trenches fill, the ground is rendered as {wampy 
as ever; and even where drains are made on the 
principle of an inclined plain to draw off the water, 
they are frequently ftopped by the mud of the 
marfh, and the leaft ftoppage en the land again 
to at leaft a partial overflow. | 

There 
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‘There are fome fprings 1 which exhibit a very cu- 


_ rious phenomenon, a kind of tide or intermiflion, 
by which the water at certain ed appears to rife 


adually to. fubfide. 


Thefe are called intermitting forties It was long 
imagined, that thefe fountains were replenifhed by 
fome connection. with the fea; that the water was 
frefhened by its progrefs through fand and earth, and 


that their rifing and falling depended on the tide. > 


{t was, however, found, that the periods of the water 
rifing and falling in thefe fprings, did not correfpond 
in point of time with the tides of the adjacent feas, 
and that the periods were different in different 
fprings, contrary to the regular rifing and falling 
of tides-in the ocean, ‘The phenomenon has fince 
been very fatisfactorily explained, and upon a very 
fimple and obvious principle. It has been al- 


ready fhewn, that when a fiphon is inferted in a. 


al 


veffel containing water, if the air is drawn out of - 


the fiphon, or by any means the water is made to 
flow over the bent of the tube, which lies above 
the brim of the vefiel, the water will continue to 
flow over the brim through the st till the whole 


is exhaufted. 
To account, icushous: for the j saree sina 


we have only to fuppofe, that a cavity.or receptacle 


is formed in the bowels of the hill or mountain, 


7 where. the fpring is fituated, which gradually fills. 


with water like other refervoirs; by the interpofi- 
tion of fome ftratum of ftone or rock, the tube or 
cavity which conveys the water from this receptacle 
to the {pring or mouth. A nt it iffues, # bent 
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in the form of a fiphon, the bent of which is con- 
fiderably higher than the bottom of the refervoir. 
Whenever, therefore, the refervoir or receptacle is 

filled as high as the bent of the tube, the water will 
rife in it to its level, and begin to flow into the {pring, 
which will continue till the receptacle is fexhiatifted. 
While this procefs is going on the water in the {pring 
will rife; and as (885 as ‘the receptacle is exhauft- 
ed, the water, being drawn off by a ftream or rivu-. 
let, will appear to fall in the well of the fpring, and 
will continue to fall till the receptacle is again fup- 
plied to the height of the fiphon or tube, when the 
_ procefs of filling will be again renewed. 

To render the matter perfectly plain, let ABC 
(Plate X. Fig. 4.) reprefent the cavity or recep- 
‘tacle, from the bottom of which C proceeds the 
tube or fiphon DE. ‘When the water rifes in the 
receptacle to the level of E in the tube, it will begin 
to flow into the {pring at D, on the principle ex- 
plained in the preceding paragraph, and the whole 
phenomenon will be eafily accounted for. 

With any perfon who has carefully obferved the 
courfe of rivers, and traced them to their fources, 
there can be Jittle doubt that they are formed by ~ 
the confluence of fprings, or of the little ftreams' or 
‘rivulets that iffue from them; with perhaps: the * 
exception of thofe rivers which proceed from lakes, 
where the refervoir is ready formed, and Siiaies 
by the fame means. Mt 

In the beginning of the prefent century, the phi- 

Jofophical Sora was agitated by a debate con 


cerning the origin of thote waters which are necef- 
fary 
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fary. for the fupply of rivers, &c. one party contend-.__ 
ed ftrongly. for the exiftence of a large mafs of water — 
within the bowels, of the earth, which fupplied not 
only, the rivers but the ocean itfelf; at the head of — 
thefe we. may. place the ingenious but fanciful — 
Burnet. The French Chilain bide on the contrary, 
afferted, that the waters of the ocean were convey- 
ed back by fome fubterraneous paflages to the 
land, and being filtrated in their paflage, returned 
again to the pate in the courfe of the rivers; but this 
opinion appears contrary to all matt known prin- 
ciples of hydroftatics. 

In oppofition to thefe bypothefts; 0 our tuft rious 
countryman Halley contended that the procefs of 
evaporation, and the immenfe depofition of water 
in confequence of it, was fully adequate to the 
whole fupply. If, indeed, we confider the im- 
menfe quantity of water which is continually car- 
ried up into the atmofphere by evaporation, as 
ftated in a former chapter, and confider that this is 
a procefs which is continually going on, not only 
from the ocean but from the rivers themfelves, and 
-from the whole. furface of the earth, we fhall fee 
-but little reafon to doubt of Dr. Halley’s hypothefis, 
but may reafonably conclude, that this kind of cir- 
culation is carried on through all- nature, and that’ 
the fea receives back again through the channel of 
the rivers, thatywater which it parts with to the at- 
ln | 

6 All rivers have their: Pm aioe in mountains, 
0b relevated lakes; and itisintheir defcent from thefe, 
that;they. acquire. “that velocity which maintains their 
“/ future 
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future current. “At firfttheir ‘courfe is penerally 
rapid and headlong; but it is retarded in its journey 
by the continual frictionsagainft its: banks, by the 
many obftacles)it meets to divert.its ftream, and by 
the'plains generally becoming more: level as it) ne 
proaches towards:the fea, - 

‘ Rivers,: as every body has eis are always 
broadeft ‘at the mouth; and grow narrower to- 
wards'their fource.» ‘But what is: Jefs known, and 
probably more deferving curtofity, is, that they run 
ina more direct. channelias they immediately leave 
their fources; iand that their finuofities and turn= 
ings become more numerous:as they proceed.» It 
is a certain fign among the favages of North Ame-_ 
rica, that-they are near the fea, when they find the 
sxivers winding,» and:every now and then changing 
their dire€tion:» And this is even now become 'an- 
indication to the Europeans. themfelves, in. their 
journies through thofe-tracklefs forefts.. As thofe 
finuofities, therefore, increafe asthe river’ ap- 
proaches the fea, it is not to be wondered at, that 
they fometimes divide, and thus: difembogue by 
different channels. ‘The Danube difembogues into 
the Euxine by feven mouths ; the Nile, by the fame. 
number; and the Wolga; by feventy. | 

‘The largeft rivers of Europe are, fit, the 
Wolga, which is about fix hundred and fifty leagues 
in length, extending from Refchow to Aftrachan. 
Jt is remarkable of this river, that it abounds with 
water during the f{ummer months of May and'June-; 
but all the reft of the year is fo fhallow as fcarce to’ 
cover its bottom,. or allow a paflage for loaded vef- 
Peis } | fels 
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~ fels that trade up its ftream. The hext in order is 
the Danube.’ ‘The courfe’of thisis about four hun= — 
dred-and fifty leagues, fromthe mountains of Swit 
- gerland to the Black Sea.’ The Don, or Tanaisy 
which is four hundred leagues from the fource of 
that branch of it called the ‘Softna, to its mouth 
in the Euxine-Sea.. In one part of its courfe it 
~ approaches: near'the Wolga:and Peter the Great 
had actually begun a»canal, by which he intended © 
“joining thofe two rivers; * but this he did not live 
to finifh.’ The Nieper, or Boryfthenes, which rifes 
~ in the middle of Mufcovy, and \runs the courfe of 
three hundred-and fifty leagues, to‘empty itfelf into 
the Black Sea: The Old Coffacks inhabit the banks 
and iflands of ‘this river’; and frequently crofs the 
Black Sea, to plunder the:maritime places’on the 
" eoatts of Turkeys The Dwina, which takes’ its 
rife in’ a prowincé of the-fame “name in’ Ruffia, | 
that:runs a‘tourfe of three’ huadred leagues, ‘and 
Aiteriboguce into" White’ in a ree below : 
Archangel. | * ss | 
et The: ree rivers of Afia are, the 2 Toba in 
China, which is eteht hundred and fifty leagues in 
length, omnpuited-from its fource at Raja Ribron, 
to its mouth in the Gulph of Changi. The Jenifca — 
of Tartary, about eight hundred leagues in length, — 
from the Lake Selinga to the Icy Sea. This river 
is; by fome; fuppofed to fupply moftof that great — 
‘quantity of ‘drift wood which jis feen floating in the 
feas, near the/Artic circle. ‘The Oby, of five hun- 
- ‘dred-leagues;-running -froriy the lakesof Kila into ~ 
the, Northern Sensis: The Amour, in.Eaftern:Tare 
tary, 


© 
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_) tary, whofe courfe is about five hundred and feven- 
_.ty-five leagues, from its fource to its entrance into 
_ the fea of Kamtfchatka. The Kiam, in China, five 
_ hundred and fifty leagues in length. The Ganges, 
_ ene of the moft sonal tivers in the world, and about 
_ as long as the former. It rifes in the mountains 
_ which feparate India, from Tartary ;.and running 
_ through the dominions of the Great Mogul, dif- 
. charges. itfelf by feveral mouths. into the bay of 
Bengal. .. It is not only efteemed by the Indians for 
_ the depth, and purenefs of its ftream, but for a fup- 
_ pofed, fanctity which they believe to be in its wa- 
_ ters. It 1s,vifited annually by feveral hundred thou- 
_fand pilgrims, who pay their devotions to the river 
as toa god; for favage fimplicity is always known 
_to miftake the bleffings of the deity for the deity 
himfelf. . They carry: their dying | friends, from 
_diftant countries, to expire on its banks ;, and to be 

buried in its ftream. |The water is loweft in April 
or May ; but the rains beginning to fall foon after, 
the flat country is overflowed for feveral miles, till 
,about the end,of September; the waters then, begin 
to retire, leaving .a prolific fediment behind, that 
enriches the foil, and, in a few days time, gives a 
-Tuxuriance to vegetation, beyond what can be con-. 
ceved by an European. Next to this may be reck- 
oned the ftill more celebrated river Euphrates. 
‘This rifes from. two fources, northward of the city 
Erzerum, in Turcumania; and unites about three 
days journey below. the fame, whence, after per- 
forming a courfe of five hundred leagues, it falls 
. Inte. 
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into the'Gulph of Perfiay:fifty miles below the’city 
of Baffora'in Arabia. The river Indus is extend+ 
‘ed, from its fource to its lino into the Arabian 
fea, four hundred leagues. Heseh.4 
‘The largeft rivers of Africa:are, the’ Sete, 
which’ runs-‘a courfe: of not ‘lefs-than eleven hun- 
dred leagues, ‘comprehending the Niger, which 
fome have: fuppofed to’ fall into it. However, 
Jater accounts feem to affirm that the Niger is loft 
in the fands, about ‘three ‘hundred niles up-from 
the: weftern coafts’ of Africa. “Be this as ‘it ‘may, 
the Senegal is well known to be navigable for more 
than three hundred ‘leagues up ‘the country ;and 
‘How much higher it may reach ‘is not yet'difcover- 
‘ed, ‘as the dreadful fatality ‘of the inland’parts ‘of 
Africa, not! only déter curiofity, but even avarice, 
which ‘is a‘tnuch ftronger paffion. | Phe celebrated 
river Nile is’ faid to be nine’ hundred’ and féventy © 
‘leagues, - -frort its fource among the mountains of 
the ‘Moon, ‘in Upper: reNioisial® to its opening” into 
the:’Meditetranean Sea. ‘Upon its arrival “in the 
‘kingdom of- Upper - /Eeypt, it runs through ‘a 
week -ehannel, which fome late travellershave 
miftaken’ for its cataracts. In the beginning’ of ‘its 
courfe, it recéives many leffer rivers intoit ;and 
Pliny was miftaken, in faying that it received’ none. 
Inthebeginning alfo of its courfe, it has many wind= 
ings; but; for above three hundred leagues fromthe 
dfea,: runs inca-direct line. Its:annualoverflowings 
arife from avery’ obvious: caufe, »which isvalmott 
seater iat withthe great riversithat ate their fource 
_ ‘near 
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near the line. The rainy feafon, which is Lei 8 
cal in thofe climates, floods the rivers; and’as this al- 
ways happens in our fummer, fo the Nile is at that 
time overflown. From -thefe inundations, the in- 
habitants. of Egypt derive happinefs and plenty; 
and, when the river does not arrive to its accuftom- 
ed heights, they prepare for an indifferent harveft. 
It begins to overflow about the 17th of June; 
it generally continues to augment for forty days, 
and decreafes in about as many more. ‘The time 
of increafe and decreafe, however, is much more 
inconfiderable now than it was among the ancients. 
Herodotus informs us, that-it was an hundred days 
rifing, and as many falling; which fhews that the 
inundation was much greater at that time than at 
prefent. . Buffon * has aferibed the prefent-di- 
minution, as well to the leffening of the mountains of 
the Moon, by their fubftance having fo long been. 
wafhed down with the ftream, as to the rifing of the 
earth in Egypt, that has for fo many ages received 
this extraneous fupply. But wedo not find, by the 
buildings that have remained fince the times of the 
“ancients, that the earth is much raifed fince then. 
Befides the Nile in Africa, we may reckon. the 
Zara, and the Coanza, from the greatnefs of whofe 
openings into the fea, and the rapidity of whofe 
ftreams, we form an eftimate of the great diftance 
whence they come. ‘Their couries, hewever, are 
fpent i in watering deferts and favage countries, whofe 
| capil or Gdaacacha have one ftrangers away. 


. * Buffon, vol. il. p. 82, 
Vou. I. Oo. « But 
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¢ But of all parts of the world, America, as it 
exhibits the moft lofty mountains, fo alfo it fupplies 


the largeft rivers. The principal of thefe is the 


great river Amazons, which, from its fource in the 
lake of Lauricocha, to its difcharge into the Weftern 
Ocean, performs a courfe of more than twelve 
-hundred leagues *.. The breadth and depth of this 
-river is-anfwerable to its vatt length ; and, where 
its width is moft contracted, its depth is augmented 
in proportion, So great is the body of its waters, 
«thar other rivers, though before the objects of ad- 
miration, are loft in its bofom. It proceeds after 
their junction, with its ufual appearance, without 
any vifible change in its breadth or rapidity.; and, » 
if we may fo exprefs it, remains great without often- 
tation. In fome places it difplays its whole magni- 
ficence, dividing into feveral large branches, and 
‘encompafiing a canalceusde of iflands; and, at length, 
difcharging itfelf into the ocean, by a ‘channel of 
an hundred and fifty miles broad. Another river, 
that may almoft rival. the former, is the St. Law- 
‘rence, in Canada, which rifing in the lake Affini- 
boils, pafies” from sone laden to another, from 
‘Chriftinaux to: Alempigo; and. thence to lake 
Superior; thence to’ the lake Hurons; to lake 
‘Erie’; to lake Ontario ; and, at laft, aftera courfe 
of nine hundred leagues, pours their collected wa- 
ters into the Atlantic ocean. The river Miffifippi 
-j@ more than feven hundred leagues in» length, 
‘beginning at its fource near the lake ‘Affiniboils, 
and ending at its opening into the Gulph of Mexi- 


® Ulloa, vol.i. p. 388, 
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co. The river Plata runs a length of more than 


eight hundred leagues from its fource in the river 
Parana, to its mouth. The river Oroonoko is feven 
“hundred and fifty leagues ih length, from its fource 


near Pafto, to its difcharee into the Atlantic ocean. 
* Such is the amazing length of the greateft rivers ; 
and even in fome of * theres the moft remote fources 


‘very probably yet continue unknown. In fa@, if - 


we confider the number of rivers which they re- 
ceive, and the little acquaintance we have with the 
regions through which they run, it is not to be 


wondered at that geographers are divided concerns 
the the fources of moft of them. As among a 
| number of roots by which nourifhment is convéyed 


to a ftately tree, it is difficult to determine precitely 
that by which the tree is chiefly fupphed; fo amiong 
the’ many branches of a great river, it is equally 
difficult to tell which is the original. Hence it may 
eafily happen,’ thac a fimilar branch is taken for the 
capital {tream ; and its runnings are purfued, and 
delineated, in prejudice of fome other branch that 
better deferved the name and the defeription. In 
this manner *, in Europe, the Danube is known to 
receive thirty leffer rivers ;. the Wolga thirty-two 


‘or thirty-three. In. Afia, the Hohanno’ receives 


thirty-five ; the Jenifca above fixty; the Oby as 
many ; the Amour about forty; the Nanquin 
receives thirty rivers; the Ganges twenty; and 
the Euphrates about eleven. In Africa, the Se- 
negal receives more than twenty rivers; the Nile 
receives not one for five hundred leagues upwards, 


® Buffon: vol. di. p. 74, 
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and then only twelve or thirteen. In America, the 
river Amazons receives above fixty, and thofe very 
confiderable; the river St. Lawrence about forty, 
_counting thofe which fall intoits lakes; the Miffifippi 
receives forty; and the river Plata above fifty *.’ 
. The inundations of the Ganges and the Nile 
have been already mentioned, and it might be add- 
ed, that almoft all great rivers have their periodical 
inundations from fimilar caufes.. The author al- 
ready quoted obferves, that, ‘ befides.thefe annually 
periodical inundations, there are many rivers that 
overflow at much fhorter intervals. Thus moft of 
thofe in Peru and Chili have fcarce any. motion by 
night ; but tpon the appearance of the morning fun 
they refume their former rapidity: this proceeds 
from the mountain {nows, which, melting with 
the heat, encreafe the ftream, and continue ‘to 
crive on the current while the fun continues to 
diffolve them.’ ! 
There are fome rivers which are faid to i lofe 
themfelves in chafms ‘under the earth, and to flow 
for feveral ‘miles in fecret and undifcovered chan- 
nels. On this circumftance is founded: one of the 
~moft beautiful fables of antiquity, ‘relative to the 
fountain of Arethula, in Sicily. The fame thing is 
affirmed of the Rhine, and even of the river Mole, 
in Surrey, which, from this circumftance, derives 
its name. ' With refpect to the two latter rivers, 
~ however, fome doubts are entertained ef the fact, 
but thefe ‘are rather a fubject of inquiry to. the 
~ geographer than to the natural hiftorians >.» 


* Goldfmith’s Barth, p. begs 
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Bekok Canf: s of thefe Phenomena.— Abound moft in eae 
Regions. ——ffot Springs in Iceland, near Mount Hecla.— At 

Cr fermIn the Ian of Lchia—At Viterbo.—Explanation of 
~ thee Phenomena.— Burning Well in Lancafbire—Explained. 


| SHERE are few objects in natural hiftory, 


which prefent themfelves to our confidera- 


‘tion, accompanied with greater difficulties than thofe 
“tepid fprings, which exift in different ‘parts of the 
- v world, of different degrees of temperature, and 


exlibiting’a variety of the moft curious phenomena. 
Many of thefe have exifted as long as the earlieft 
records, and for whole centuries have exhibited little 
variation in their temperature. | 
If any circumftance could ferve to acai th 
very dubious hypothefis of an immente sities 
of fire in the center of the earth, it would be 


»thefe phenomena; yet there is but little reafon to 
» fuppefe that the origin of thefe tepid fprings lies.at 


_any vaft depth beneath the furface ; and; indeed; if 


we admit the notion of a central fire, its effect ought 


--to be more general than it is found to be. The moft 


probable hypothefis is, therefore, that the fame 
‘eaufes operate to produee thefe, which produce 


- volcanoes ; and the only inference to be drawn from 


their permanent temperature is, that the mafles of 
matter, which produce volcanic eruptions, may 
Oo 3 exift 
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exit for a long feries of time, even in a ftate of in- 
flamimation, without burfting, thofe bandages with. 
which nature has confined them; and that heat may 

long be continued to a confiderable degree in the 

earth, without exhibiting to our affrighted fenfes. 
the formidable phenomenon of a voicanic fire. 

It is, however, in volcanic regions, that tepid 
waters are found in the greateft quantity ; and it ts 
in thefe that they difplay the moft ftriking pheno- 
mena. At Laugervarm, a fmall lake, two days 
journey ‘from Mount Hecla,~in Iceland, there 
are hot fpouting {prings, one of which throws up 
a column of water to the height of twenty-four 
feet.) A: piece of mutton ‘and aii falmon trout 
were almoft boiled to pieces, in fix minutes, in one 
of thefe fprings.. At Geyfer, in the fame ifland, 
there are forty or fifty fpouting fprings within the 
compafs of three:miles ; in fome the water is im 
pregnated with clay,. and white in its appearance 
in fome, where it paffes through a fine ochre, it is 
red as fcarlet;;in fome it fpouts forth in a con 
tinued ftream; in others, at intervals, like’ an 
artificial jet d’eau. The largeft which Von''Troil 
obferved had an aperture nineteen feet in diame- 
ter, through which the water {pouted, at intervals, 
nine or ten times a day; round the topoof it isa 
bafon, which, together with the pipe, is in the 
‘form of a caldron; the margin of the bafon is nine 
feet higher than the conduit, and its diameter fifty= 
fix feoter ~The water was thrown up in an immenfe 
‘column, at different times, to the height of from 
thirty to fixty feet, and at one time to the height of 

mungty - 
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ninety-two feet. Previcus to this explofion the ’ 
earth began to tremble in three different places, — 
and a -noife was heard like a battery of | can- 
non * . 
cdo thie writer Rites, that at Gey, a in hedlanch | 
there {prings up a hot water, which, upon cooling, 
depofits filiceous earth; and that of this very 
matter it has formed. for itfelf a crater, in which 
columns of water, of a {tupendous bulk, after they 
have been thrown. to the height of ninety feet and’ 
upwards, fall, and are again received. ‘The heat 
of the water during the explofion cannot be mea- 
fured; but after it ghiss rifen and fallen through a 
ftratum of air ninety feet thick, it raifes the ther- 
mometer to 212°, which evinces that the heat int 
the bowels of the earth muft be much more in- 
tenfe; and at this we fhall ceafe to wonder when 
we confider, that in this cafe the fubterraneous fire 
acts upon the water in caverns, clofed up by very 
thick ftrata of ftones, an apparatus far more effec- 
tive than Papin’s digefter.. The crater was at firft 
undoubtedly formed, and is daily ftrengthened by 
filiceous earth, which quits the menftruum on its 
being cooled, falls down, and, being in fomewhat - 
like a foft ftate, concretes t. 

- About fixty yards from the fhore of the ifland of 
Ifchia, at a place called St. Angelo, a column of 
boiling water bubbles on the furface of the fea 
with great force, and cormmunicates its heat to the — 


* Von Troil’s Letters on Iceland. 
+ eis s Differt. 13. 
Oo 4 water 
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water of the fea near it, It boils winter and fum+" 
mer, and is of great ufe ta the inhabitants in bend-* 
ing their planks for fhip-building, &c. .The fither- 
men alfo frequently employ this curious caldron: 
to boil their. fifh. Near the: fhore. of this: ifland 
Sir William Hamilton found; when bathing:in the: 
fea, many fpots where the fand was fo intenfely hot» 
under his feet as to, oblige him haftily toretires 0) © 

There is alfo a boiling fpring near Viterbo, im 
the Roman ftate, called, the Bullicame.s «Iris. ai 
circular pool of about fixty feet in: diameter; and’ 
exceedingly deep, the water.of whichis conftantlys 
boiling. Jt is fituatedin,a plain furrounded by 


+ volcanic mountains. | A: ftany concretion floatsion! 


“the farface of the pool, which, being:carried:off bys 
the fuperfluous water, 1s depofited, and isiacon- 
flantly, forming, a. labes or tufa, of ulistinshei 
all:around the pooh is compoleds: ya & 

‘Phefe fountains are-beft, accounted four bik fappafe 
ine the pipe or condyit co communicate with a) 
large;refervoig of water, mgr ce fubject : to 
the heat. of a yolcanic fire, the fteam generated:in 
the refervoir by-the boiling of the waver aéts fors 
cibly on the water in the fhaf.or pipe, and: ejects: 
it by..its elaftic force im the form of a> -fountain;) 
which will a@ with more. or leis vigour: according 


to.the-degree of heat, and according to the refift= 


ance waich the. water encounters in its paflage. 

.. The molt fingular circumftance 1s. the» number 
of thefe {prings which are found in almoft every 
country ; and éven in thofe countries which have 
long ceafed to be volcanic. England itfelf has its 


ee 
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tepid fprings, and thofe of Bath, Buxton, &c. are 
well known. | Cambden mentions a well, near 
Wigan, in Lancafhire, which was called the burn- 
ing well. If a candle was applied to its furface, he 
fays, a flame was excited like that of ardent {pirits 
fet on fire, and the heat: and inflammation thus ex- 
cited would continue fometimes for the fpace of a 
whole day, and was fufficient to boil eges, and even 
meat. As I recolleé&t,-Cambden mentions the well 
as havang loft its inflammable property in his time; 
but he notices two others of a fimilar de(cription, 
ene in the fame neighbourhood, and another in 
Shropfhire. I have never myfelf witneffed a 
fimilar phenomenon, nor do I know of any fuch 
that exifts at prefent, at leaft in Britain. . 
Should, however, the fact be as it is related by 
Cambden, the reader, after what has been ftated in 
a preceding chapter, will not find it difficult to 
_ explain the caufe. The country where the well ts,. 
or was fituatec,“abounds in coals. The well -is 
therefore impregnated with naphta, or fome bitu- 
minous vapour; this, upon the application of an 
ignited body, is capable of inflammation, and can 
even communicate a confiderable portion of heat 
to the water of the well itfelf. There is no proof, 
however, that the Bath or Buxton waters are im- 
“pregnated with any bituminous matter, though 
coals are plentiful in the neighbourhood ; and as 
thefe waters contain a fmall portion of iron, there 
is reafon to fuppofe them connected: with beds of 
pyrites; or. tpotlibly with a latent fubterraneous sii 
n 
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On the whole, we are not fufficiently acquainted with’ 
the internal parts of the earth to account fatisfactorily’ 
for thefe and other phenomena ofa fimilar kind, and’ 
whatever is advanced in the way of theory on thefe: 
topics fhould be advanced with becoming diffi- 
dence, and rather with a view of exciting the at-° 
tention and curiofity of others, than for the pur- 
pofe of eftablithing a fyftem unfanctioned by’ 
experiment, or building a reputation on a nat 
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MINERAL WATER'S. 


Capacity of Water as a Sobvent.—Subftances commonly found in 
Mineral Waters.—F ixed Air.— Mineral Acids. —-Alkaline Salts. 
Neutral Salis——LEarthy Subfances.—Sulphur.—Metals.— 
- Mode of examining and analizing Mineral Waters.—Chemical 
Lefts——Analyfis of the moft celebrated Mineral or Spa Waters. — 
Aix-la-Chapelle—Bath —Briftol.— Buxton.— Chelrenham.— 
Epfom.— Harrewgate.—Matlock.— Pyrmont.— Scarborough — 

_ Spa.—Refiections on the Use of Mineral Water in general, 


ry HE capacity which water has of holding a 
variety of fubftances in folution has been. 
frequently mentioned in the courfe of thefe volumes, 
and indeed is a fact fo well known and underftood, 
that to infift much upon it would be ufelefs and 
even impertinent. . 
It was alfo intimated, that the water of fprings 
‘receives the name of mineral water from the fo- 
reign fubftances which are contained in it. Thefe 
fubftances are various, and more than one is com- 
monly found in mineral waters ; but in general they 
may be referred to the following heads: 
_ 4, Fixed air, or carbonic acid gas. This ingre- 
dient occaficns an appearance of brifknefs in water, 
fimilar to that of fermenting liquors, which is chiefly 
_obfervable when the water is poured from one vef- _ 
fel into another.» It is very volatile, and foon 
} efcapes on the water being expofed to the air. This 
| ingredient 


572. Ingredicntsof ‘ [Book VI. 


ingredient frequently occations giddinefs in perfons — 
who dre not accuftomed ‘to it!’ An artificial wacer 
of this kind may ‘be prep: pared dt°aay” tine by im- 
pregnating water saigh fixed air. 
a2 WT he ssibbinioe “Alerous, afd. muriatie acids. 
One or other of thefe acids’ exift in almoft all mine- 
ral waters; they are ufually combined with earthy — 
or metallic bafés) “but behesiniabanass efpecially the vi- 
triolic, €xift ih'a epee fate, {0 \as'to! occafion ¢ a 
‘fenfible acidity. 3 im 
4) An alkaline falt is found 1 many? waters in 
Plungary; Tripoli, “and® other ‘countries tis 
ufually the foffil alkali which ts: combined -with fix- 
éd aif in the Seltzer waters, and with the mineral 
acids*in a ereat variety of others, °The vegetable 
anid volatile alkalies rarely or ‘never -are ingredients 
in mineral waters. | ARDS SPE EI 
4. Neutral falts are not uncommon in -fprings, 
Common falt, nitre, and: vitriolated magnefia, are 
the moft ufual; the latter is very abundant in a {pring 
at Epforr, in Surrey, and ‘has therefore’ obtiin-- 
ed the name of Epfom falt.- Sal amoniac has-alfo 
‘been found in fome fprings in the neighbourhood of 
volcanoes and burning coal mines. rene 
“sg. Earthy fiabttances. OF thefe the calcareous 
is fometirnes found to abound fo much: as to be'de- 
‘pofited on fuch fubftances as it comes in contaé 
with, ‘and’ occafion petrifa@ion. In this cafe the 
fufpention of the calcareous earth feems to depend 
? the prefence of fixed air, which,’ thaking | its 
“éfeape when the water ifftes into the open air, 
faffers the calcareous earth to fe sis The ealca- 
4 | | ~ -reous 
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reoug earth of waters is very. commonly united 
with the vitriolic acid, and exifts in the form of 


~gypfum, which is only foluble in water in the pro- 


portion of one part in feven or eight hundred. Calca- 
reous nitre and muriated calcareous earth are alfo 
occafionally found in {prings. ) 

- 6. Sulphur. - Many waters feem, by their offen- 
five fmell to contain fulphur, though very few of 
them, upon more accurate examination, are found 
to afford it. The waters generally called fulphureous 
or hepatic, are only impregnated.with fulphureous 
or hepatic gas, which is a folution of fulphur in in- 
flammable air. This is the fame gas which.rifes from 
liver of fulphur, and liver of fulphur icfelf has been 
detected ina very minute quantity in mineral waters. 
Sometimes bitumens are met with in mineral wa- 
ters, and commonly make their PPpRATaaSS on the 
furface. 

7. Metals. Of thefe iron is moft frequently 
found in water, fometimes. copper, and more rarely 
zinc. Waters which contain iron are called chaly- 
beates, and are very common. 

It was formerly imagined that iron was fufpended 
in mineral waters by means of the vitriolic acid; but 
MM. Monnet has afcertained, that very few of them 
contain vitriolic acid, and that the carbonic. acid, 
or, fixed air, is almoft the only medium by which 
whe, iron is fufpended. . The carbonic acid is fome- 
.times in excefs, fo as to render the chalybeate water 
-acidulous, in other inftances it fufpends the inga 
without being in excefs, Chalybeates may, in ge- 
neral, be known by the yellow ochry fediment. de- 

pofited 
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pofited. in their courfe, and alfo by ftriking a 
‘purple colour with decoétion of galls. | 

In examining any mineral waters, the firft object 
of attention is, to have the water as frefh as pof- 
fible, fince, if it contains any volatile matters, they 
will foon fly off. A great number of -trials, are 
therefore to be made on the fpot. The contents of 
the neighbouring ftrata, particularly of any high 
ground, from which the water feems to proceed, 
are alfo to be regarded, as they often ferve to ac- 
count for the properties of mineral waters. | 

One of the moft obvious citcumftances to be at- 
tended to is the degree of the heat of the water, 
and for this purpofe it is neccffary to be provided 
with an accurate thermometer. There are many 
fprings which have a temperature a httle above 
the medium temperature of the atmofphere, though 
this may not be fo remarkable as to have obtained 
them the name of hot fprings. The middle tem- 
perature of thefe {prings is found to be about forty- 
eight degrees, but on elevated fituations it is lefs, - 
in proportion to their height above the fea... It 
may alfo be proper to compare the temperature of 
thefe mineral {prings with that of fome common 
{prings in the neighbourhood. The fenfible qualities, 
as.the colour, tafte, and fmell, are to be obferved. 
In order to difcover whether any elaftic fluid efcapes 
from it; and of what nature it is, let fome of the 
water be put into a bottle, and a bladder tied about 
WBineck.. The air which efcapes may be fubmic- 
ed to examination. In order to obtain it, it is only 
‘neceflary to tie another {tring above the bottle, and 
then to cut between them, fo as to feparate the blad- 

/ , 2 | | der, 
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der, which may be plunged inwater or mercury, and 
Its contents réceived in the pneumatic apparatus. In 
order to feparate all the air from water, it muft 
be heated nearly to. its boiling point, which may 
_.eafily be done by immerfing it in’a veflel of boiling 
water, while it is contained in the bottle to aie 
the bladder is annexed. The elaftic fluids, which 
‘may be feparated from mineral waters, are chiefly — 
two, carbonic acid gas, and fulphureous gas, It is 
proper to obferve the changes which are {pontane- 
oufly produced on mineral waters by different 
degrees of heat. 1f any matter is depofited during 
the evaporation of the mineral water, it muft be 
collected for further examination. 
With refpect to the addition of certain foreien 
_fubftances called :re-agents, to difcover the contents | 
of mineral waters, it may in general be remarked, 
that this mode isilefs certain than evaporation; the 
latter method, however, is not free from objections, 
as the application of heat to any body not unfre- 
quently deranges the previous {tate of combination 
among its component principles. ‘The chemical 
tefts beft adapted to the difcovery of the contents of 
‘mineral waters are the following: lime, volatile 
alkali, fixed allzalies, vitriolic acid, tincture of turn 
fole, muriated barytes, acid of fugar, arfenic, Prut-: 
‘Gian alkali, and the nitrous Miorioits of filver and 
mercury. When it it propoted to difcover the con- 
‘tents of a mineral water, it is beft to begin with 
fuch’ tefts as are leaft capable of altering it} and 
‘afterwards, having obferved their effects, to proceed 
to’ complete the analyfis by tefts which have a more 
extenfive influence. Lime water feizes the carbo- 
nic 
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nic acid, and forms a precipitate of chalk; it alfo 
precipitates falts with the bafis of clay and magnefia, 
as well as the metallic falts.’ If after*mixing an 
equal quantity of lime water with a mineral water, 
no precipitation takes place in twenty-four hours, 
it may be concluded, tha® it contains neither carbo= 
nic acid at liberty, nor a combination of that atid 
with fixed alkali, nor earthy falts with the bafis of 
aluminous earth or magnefia, nor any metallic falt. 
But if a precipitation takes place on the addition of - 
lime water, the next ftep is to examine the proper- - 


ties of the precipitated matter ; if it has the proper- pee 


- ties of Chalk, fuch as infipidity, the producing of an — 
effervefcence with vitriolic acid, and forming with 
it a compound nearly infoluble in water, thatis gyp- 
- fum, it muft be concluded thae the water contained : 
carbonic acid, which, uniting with the lime of the — 
Time water, produced chalk. If on the contrary, the 
precipitated matter is {mall in quantity, and fubfides 
very flowly; if it does not effervefce, and affords 
with the vitriolic acid a ftyptic falt, it may be con- - 
cluded that it is alum, and that the mineral water 
contained clay: If a bitter and very foluble falt is 
formed on the’addition of the vitriolic acid, it is the 
Epfom falt, and the water contained the earth of | 
magnefia. If the addition of vitriolic acid to the 
precipitate produces fal martis, the water held iron 
tn folution. 

The addition of cauftic volatile alkali will act like 
lime water, except that it will not produce.a pre- 
cipitation from the prefence of uncombined carbo- 


nic acid in the water; the iy ak ca formed by vo- 
latile 
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latile alkali with that acid not being infoluble, like 
the» chalk formed by the union of carbonic acid 
with lime. But befides the aluminous, the magne- 
fian, and the metallic falts,. the cauftic. volatile al- 
kali will decompofe thofe which have lime for their | 
-bafis, and thus we advance one ftep further in the 
analyfis of the water. The Pruffian alkali precipi- 
tates the combinations of carbonic and vitriolic acid 
with chalk. .The nitrous folutions of filver and 
mercury decompofe all the muriatic and. vitriolic 
falts, which may be various both in quantity and 
in kind, In thefe cafes the muriatic or vitriolic 
acid contained in the mineral water, feizes the” 
filver or the mercury, and forming with it an info- 
luble compound, falls to the bottom in a thick 
cloud, while the nitrous acid unites with the bafis 
which is deferted by one or both of the other acids, 
At is not neceflary . in this place to enter into a 
minute detail of the methods of diftinguifhing the 
difference of the precipitates, according as the 
muriatic or vitriolic acid was concerned in their 
production, but I fhall refer ‘the reader for infor- 
mation on this point to what was {tated when 
treating of the combinations of filver and mercury 
with the different mineral acids. | 

By tincture of turnfole the predominance either 
of an alkali or an acid is difcovered: as vegetable 
blues are turned red by acids, and green by alka- 
_ lies. Acid of fugar is a very fenfible teft of lime, 
when combined with the fparry or acetous acids. 
A folution of arfenic in the marine acid will preci- 
pitate fulphur from water, in which it is held dif- 

Meee. ek Pp folved 


1578 Celebrated Mineral Waters. [Book VMs 


folved by means of carbonicvacid. It may be added, x 
that white arfenic becomes. yellow if immerfed in. 
water containing hepatic ¢ gas; and a piece of po= ~ 
lifhed iron will coeeia a copper-colour from water 
in which copper is diffolved. Ifa mineral water is 
- found to contain a fixed alkali, it may be deter- 
mined whether it is the vegetable or mineral alkals 
by means of vinegar. With vegetable alkali vine- 
gar yields a deliquefcent falt; with the mineral, 
foliated cryftals. | 

It may be proper briefly to notice the Coaenaina 
and obvious properties of fome of the molt 
“celebrated mineral waters, and the diforders in 
which they are Pe to have moft ctieony 


© AIX-L 5c Cu amubiea Phi place has long been 
famous for its hot fulphureeus waters and baths. 
They arife from feveral fources, which fupply eight 
baths conftructed in different parts of the town. 
Thefe waters near the fources are clear and. pel- 
lucid, and have a ftrong fulphureous fimell re- 
fembling the wafhings of a foul gun; but they lofe 
elie. fonell by expofure to air.. Their tafte is faline, 
bitter, and urinous. They do not contain irons 
They are alfo’ neutral near the fountain, but after- 
wards are manifeftly, and pretty ftrongly alkaline, 
infomuch that cloaths may be wafhed with them 
without foap. The gallon contains about two fcru- 
ples of fea fale, the fame quantity of chalk, and_ 
a dram and half of natron. © They are at firft 
naufeous and harfh, but by habit become familiar 
and agreeable. Att firft drinking alfo they generally 
affect 
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affeét the head. Their general operation is cathar~ 
tic and diuretics ‘without griping or diminution of 
ftrength; and they alfo promote perfpiration. 
The quantity to be drunk as an alterative, is to 
be varied according to the conftitution, and other 
circumftances of the patient, In general, it is beft 
to begin witha quarter, or half a pint in the morn- 
ing end increafe the dofe afterwards to pints, as 
may be found convenient. The water is beft 
drunk at the fountain. When it is required to 
purge, it fhould be drunk in large and often re- 
peated draughts *. 

The heat of the different baths of the Aix-la- 
Chapelle waters varies from one hundred and fix of 
| Farenheit’s thermometer to one hundred and thirty. 
In bathing it is proper to begin with the moft tem- 
perate. 

‘ Batu has lone been famoiis for its warm 
chalybeate waters. There are feveral fprines, but 
their waters aré all of the fame nature. There are 
fix baths; but the principal are the King’s bath, | 
the Queen’s bath, and the Crofs bath. ‘The others — 
are only appendages to thefe. The two former 
raife the thermometer to 116°, the latter to 112°. 
The water when viewed in the baths has a greenith, 
or fea colour: but in a phial it appears quite tranf- 
parent and colourlefs, and it {par kles in the olafs, 
It has a very flight faline, bitterifh, and chalybeate 
tafte, which is not difagreeable, and fometimes 
fomewhat of a fulphureous fmell; but this latter 


* Elliot on Min. Waters, p. 119, &¢. 
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is not ufually perceptible, except when the baths 
are filling. The, gallon of Bath water contains 
twenty-three grains of chalk, the fame quantity of 
muriat of magnefia, thirty-eight of fea falt, and 
8.1 of aerated iron. As it rifes from the pump, it 
contains fixed air,” or. other volatile acht, - fiona ‘fuf- 
ficient quantity to curdle milk and aét upon iron. 
The Bath water operates powerfully as a diuretic, 
and promotes perfpiration. Hf drunk quickly, in 
large draughts, it fometimes purges; but if taken 
flowly and in {mall quantity, it rather has the con- 
trary effect. “ An heavinefs of the head, and incli- 
nation to fleep, are often felt on firft drinking it*.’ 
This water when taken inwardly is faid to give 
a ftimulus and vigour to the whole cotenane it 
therefore proves lifefal in old rheumatic complaints, 
and in cafes of gout connected with much’ debility. 
During the ufe rey the Bath water, and fome time 
previous to it, the patient fhould hive on a light diet, 
eafy of digeftion. The courfe fhould be continued 


‘for a month or fix weeks. In local complaints, as. 


in ftiff joints and chronic pains, the application of the 


water by pumping is more efficacious than aie 


the whole body. 


Brisroz, ‘ The {prings are known by the name | 


ofthe Hot Wells. The water at its origin is warm, 
clear, pellucid and fparkling; and if let ftand in a 
- glafs, covers its infide with fmall air-bubbles. It has 
“no fimell, and is foft and agreeable to the tafte. It 
-raifes the thermometer from about feventy to eighty 


* Ellict on Min, Waters, p. 134, &c. 
degrees, 
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degrees. It contains 122% grains of chalk, 5% 
Pak muriat of magnelia, and 6; of fea falt in the 
gallon*.’ 

The Briftol waters are particularly recommended 
in pulmonary complaints; the fame, however, of 
Briilol has probably been more owing to the mild- . 
ne{s of the air in that part of England, than to the 
virtues of its waters. 

_ Buxton.—‘ This is a hot water, refembling that 
of Briftol. . it raifes the thermometer to 81° or $2°. 
It has a {weet and pleafant tafte. It contains a 
little calcareous earth, together with a fmall quan- 
tity of fea falt, and. an puget craats portion of a 
cathartic falt. Iron has been difcovered in it, but 
in fo extremely {mall a quantity as not to deferve 
notice: and even that perhaps. owing to accident. 
This water taken inwardly i is edechied cood in the 
_ diabetes; in bloody urine; in the siete cholic; 
in lofs of appetite, and coldnefs cf the ftomach; in 
inward bleedings; in atrophy; in contraction of the 
-yeffels and limbs, efpecially from age; in cramps 
and convulfions; inthe dry afthma without a fever; 


and alfo in barrennefs.. Inwardly and outwardly it 
is faid to be good in rheumatic and fcorbutic coms 


plaints; in the gout; in inflammation of the liver 
and kidnies,’ and in confumptions of the lungs; 


alfo in old ftrains; in hard callous tumours; in 
withered. and contracted limbs; in the itch, fcabs, 


nodes, chalky fwellings, ring-worms, and’ other 
Similar complaints. Befides thé hot water, there is 


* Elliot on Min, Waters, p.145, &c. 
Pp3 alfo 
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alfo a cold chalybeate water, with a rough 3 irony tafte. 
It refembles the Cawthorp water*.’ 

© CHELTENHAM, in Gloucefterfhire, is one of 
the beft and moft noted cathartic chalybeate waters, 
in England, though it is not fo much frequented, 
as formerly. The gallon contains eight drams of 
a cathartic falt, partly vitriolated natron, partly 
vitriolated magnefia; twenty-five grains of magnefia, 
part of which is united with marine, part with aerial 
acid; and nearly five grains of iron combined with 
aerial acid. It alfo yielded thirty-two ounce meafures 

of air, twenty-four of which were fixed air, the reft 

azotic with a portion of hepatic air. The dofe is 
from one pint to three or four. It operates with 
great eafe, and is never attended with gripings, 
tenefmus, &c. It is beft taken a little warm, 
It alfo creates an appetite; is excellent in {corbutic 
complaints, and has been ufed with fuccéfs in the 
gravel. As the fpring has been ‘calculated to yield 
only thirty-five pints of water an hour, without 
frugal management there would not be enough to 
fupply the demands of the drinkers. The Walton 
water has lately been recommended as a fubftitute 
to obviate this inconvenience.’ 

Epsom, iz Surry.—The water has a flight faline- 
tafte, is clear, and without fmell. But if it is kept in 
covered vefiels for fome weeks in the fummer it will 
tink, and acquire a naufeous and faltith bitter tafte. 
‘This .was the firft water from which the falt thence 
called Ep/om falt was obtained. But the fale ufually 
fold by that name is different from that yielded 


® Elliot on Min. Waters, p. 161,- &c. 
by 
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| by the Epfom water, though perhaps not hatch 
in virtue. It is made ety! the *bittern left after 
the cryftallization of common falt from fea water. 
The Epfom water is cathartic; for which purpofe 
it muft be drunk to the quantity of two or three 
pints. It is alfo diuretic. . 
Harrowcarter.—* There are four fprinigs at this 
place, but the waters ofall of them are nearly alike, 
except in the quantity of the faline matter they con- 
tain. Of the three old fprings, the higheft gave 
three ounces of folid matter; the loweft, an ounce 
and an half; and the middle one, only half an ounce. 
Of the latter one hundred and forty grains were 
earth. The water as it {prings up is clear and fpark- 
ling, and, throws up a quantity of air-bubbles. 
{t has a ftrong fmell of fulphur, and is fuppofed to 
be the ftrongeft fulphureous water in England. 
It has a falt tafte, as it contains a Holifidetablle 
_ quantity offea fait, together with a little marine fale 


of magriefia, and Patra earth *,’ 


Harrowgate water is cathartic when taken in 
dofes of ievcral pints. ‘When ufed externally as a 
| fomentation, i it is faidto be ufeful in fome diforders 
“of the fkin; and by fome phyficians it is confidered 
as efficaceous in deftroying worms. 
Matiock.—‘ At this place (which. 1s 4 flitly 
romantic) are feveral {prings of warm water, which 
appear to be of the nature of the Brijtol water, ex- 
cept that it is very flightly impregnated with iron, | 
Its heat 1 is about og: ) and its virtues are fimilar to 


* Elliot, p. 177 and 184. : 
Pp4 hy re OMe 
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thofe of the Briffol and Buxton waters. The baths 
are recommended in rheumatic complaints, in 
cutaneous diforders, and in other cafes where warm 
bathing is ferviceable. There are great numbers 
of petrifactions in the courfe of this water *.’ 

Pyrmont, in Weftphalia.—‘ This is a very brifk 
’ chalybeate, abounding in fixed air; and when taken 
up from the fountain, fparkles like the brifkeft 
Champaign wine. It has a fine, pleafant, vinous 
talte, and a fomewhat fulphureous {mell. It is 
perfectly clear, and bears carriage better than the ' 
Spa water. A gallon of it contains 46 grains of 
chalk, 15.6 of magnefia, 30 of vitriolated magnefia, 
10 of fea falc, and 2.6 of aerated iron}. Perfons 
who drink it at the well, are affected with a kind 
of giddinefs or intoxication; owing, it may be 
fuppofed, to the quantity of fixed air with which 
the water abounds. The common operation of this 
water is diuretic; but it is alfo gently fudorific; 
and if taken in large quantity proves cathartic. 
When, however, it is required to have this latter 
effect, it is ufeful to mix. fome falts with the fir 
elafies. It.is-drunk by glafsfuls in the morning, 
:to the quantity of frém one to five or fix pints, 
_according to circumftances, walking about between 
each glafs f.’ 


* Elliot, p. 210. 


+ Dr. Marcard, in his Defcripzion of Pyrmont, on the te. 
rity of M. Weftrumb of Hammel, eftimates the iron at fome- 
what more than eight grains to the gallon, ; 


| ft Elliot, p. 226, 
. Pyrmont 
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Pyrmont waters are recommended in debilitated 
and relaxed conttitutions, attended with indigeftion, » 
low {pirits, and want of appetite. 

Scarsoroucn, in York/bire.—* The waters of 
this place are chalybeate and cathartic; and they 
are more frequented and ufed than any ether water 
of this clafs in England. There are two wells; the 
one more cathartic, the other a ftronger chalybeate, 
Hence the latter (which 1s neareft the town) has 
been called the chalybeate fpring, the other the 
purging; though they are both impregnated with the 
fame principles, but in different proportions. The 
purging is the moft famed, and is that which is 
ufually called the Scarborough water. This con- 
tains fifty-two grains of calcareous earth, two of 
ochre, and two hundred and fixty-fix of vitriolated 
macnefia, in the gallon? the chalybeate, feventy 
grains of calcareous earth, one hundred and thirty- 
nine of vitriolated magnefia, and eleven of fea fale, 
When thefe waters are poured out of one glafs 
* Gnto another, they throw up a number of air-bub- 
bles; and if fhaken for a while in a clofe ftopt phial, 
and the phial is fuddenly opened before the com- 
‘motion-ceafes, they difplode an elaftic vapour with 
an audible noife, which fhows that they abound in 
fixed air. At the fountain they both have a brifk, 
pungent, chalybeate tafte; but the cathartic water — 
taftes bitterifh, which is not ufually the cafe with the — 
chalybeate, They lofe their chalybeate virtues by ex- 
| pofure, and alfo by keeping; but the cathartic water 
fooneft. They both putty by keeping; butin 
time recover their fweetnefs*. 

— ® Elliot, P: 234> 
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The properties of the cathartic and of the chaly- | 


beate {pring are, as might naturally | be fuppofed, very 
different, TI he former is ufeful in cafes of habituat 
coftivenefs; the latter in diforders of relaxation arid 
debility, ; 


Sea, in the bifopric of Liege.—* In and about this- 


town there are feveral {prings, which afford excel- 
Jent chalybeate waters: and in Great Britain they 
are the moft in ufe of any foreign mineral waters. 

‘ The principal {prings are, 1. The Pohoun, or 
Poubon, firuated in the middle of the village ;—2. 
Sauviniere, about a mile and an half eaft from it ;— 


3, Groifbeeck, near to the Sauviniere ;— 4. Tounélet, 


a little to the left of the road to the Sauviniere ;—¢. 
Watroz, near to the Tonnelets—6. Geronffere, two 
miles fouth of the Spa;—-7, Sarts, or Niver/et, in 
the diftri& of Sarts;—8. Chevron, or Bru, in the 
principality of Stavelot;—9. Couve,—tro. Beverfee, 
—11. Sige,—12. Geromont, all near Malmdy. — 
‘The Pouhon is a flow deep fpring, and is 


more or lefs {trong or gafeous according to the ftate 


ef the atmofphere, ‘The gallon contains ten grains 

of chalk, thirty of magnefia, ten of natron, and five 
of aerated j inon. It yields of fixed air one hundred 
and thirty-two ounce meafures. It contains more 
iron than any of the other {prings, and does not fo 
foon lofe its gas, It is in its moft perfect and natu- 
ral {tate in cold, dry weather. It then appears co- 
lourlefs, tranfparent, and without fmell, and has a 
fubacid chalybeate tafte, with an agreeable fmart- 


nefs: at fuch times, if itis taken out of the well 


ina glafs, it does not fparkle; but after ftanding. a, 
while, 
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while, covers the glafs on the infide with fmall air- 
bubbles; but if it is fhaken, or poured out of one 
glafs i into another, it then fparkles, and difcharges 
a great number of air-bubbles at the furface. an 
warm, moift weather, it lofes its tranfparency, ap- 
pears turbid or wheyith, contains lefs fixed air, and 
is partly decompofed. A ‘murmuring noife alfo is 
fometimes heard in the well. It is colder than the 
heat of the atimofphere by many degrees. It is 
fuppofed to contain the greateft quantity of fixed 
air of almoft any ecidateiue water; and confequent- 
ly has a remarkable {prightlinefs and vinofity, 
and boils by mere warmth, ‘This, however, foon 
flies off, ifthe water is left expofed; though in well 
corked bottles it is in a great meafure relereee 
It is capable of diffolving more iron than it naturally 
contains, and thus becoming a ftronger chalybeate. 
This is owing to the great quantity of fixed air 
! which it contains. ar the fame reafon an ebul-— 
ition is raifed in this water on the addition of - 
acids, as they difengage its fixed air. It mixes 
fmoothly with milk, whether. it is cold or of a 
boiling heat, 

“ier Of the Sauviniere water, a gallon yields 6.5 
grains of chalk, 4.5 of a dacha. two of natron, 
a § of kali, 2.2 of aerated iron, and 108 ounce 
meafures of fixed air, At the well it has fomewhat 


a fmell of fulphur. 
© Groifbeeck. The water is of the fame na- 


ture as the Sauviniere, but contains a fomewha 

larger proportion of the feveral ingredients. It ae a 

vitriolic tafte, and fomewhat of a fulphureous, fell. 
: g Ton- 


— 
{ 


a 
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© Tonnelet. This is one of the moft fprightly — 
waters in the world. It is much colder than either 
of the other Spa waters; has no fmell; is bright, 
tranfparent, and colourlefs; and from the rapidity 
of its motion does not foul its bafon. It has a 
fmart, fubacid, fprightly tafte, not unlike the brifk- 
eft Champaign wine. From a variety of experi- 
ments it appears, that this water is more ftrongly 
charged than any of the others with fixed air, on 
which the exergy of all’ waters of this kind principal- 
ly depends, but it parts with it more readily. It 
‘tontains more iron than any of the fptings, except 
the Pouhon. | i 
‘ Watroz. Its fituation is loweft of any of the 
fprings about Spa, and it is more apt to be foul; 
but when the well is cleaned out, and the water 
pure, it is found to be of the fame nature as that of 
Pouhon. It’is not cathartic, as fome have afferted. 
© Geronftere. This water has: much lefs fixed 
air than the Pouhon. It has a fulphureous fmell 
at the fountain, which it lofes by being carried to - 
a diftance. ‘This fmell is ftrongeft in warm moitt. 
weather. ‘Theair, or vapour, of this water affeéts “3 
the heads of fome who drink it, occafioning a gid- 
dinefs, or kind of intoxication, which goes off i to 
a quarter or half an hour. The Pyrmont, and feve- 
ral other brifk chalybeate waters, are found to 
have the fame effect. It is colder than any of the 
{prings, the Tonnelet excepted. : 
© Sarts, or Niverfet. It refembles the Ton- 
nelet water, but is rather lefs brifk and gafeous. 
It is however more acid and ftyptic, 
3 rates © Bru, 
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«Bru, or Chevron. The abe stan at Liege 
have artfully decried this water, becaufe it is not 
in the principality of Liege. But by every trial ic 
appears not much inferior to any of the Spa waters. 
Inthe quantity of fixed air and of iron it contains, 
it approaches the Pouhon. 

© Couve and Beverfee. The Couve nearly re- 
fembles the Tonnclet water; or rather, may be 
placed in a medium between that and the Watroz. 
It hardly equals the tranfparency, {martnefs, and 
generous vinous tafte of the firft, -but it greatly fur- - 
paffes the latter. The Beverfee agrees with this, 
only that it does not retain its {martnefs fo well by. 
keeping. 

‘ La Sige. It has fome of the general pro- 
perties of the Spa waters, but in other refpects it is 
different. It is moderately fubacid, fmart, and 
grateful, but has no fenfible chalybeate tafte. It 
fparkles like Champaign when poured from 
one glafs to another. Upon ftanding it lofes its 
fixed air, and throws up a thick mother-of-pearl 
coloured pellicle. It is much more loaded with 
earthy matters, and lefs impregnated with iron and 
_ fixed air, than the other Spa waters. 

© Geromont. As a chalybeate and acidulous 
‘water it feems to be nearly of the fame ftrenoth 
with La Sige; but it contains a greater quantity of 
natron, together with a mixture of fea falt.. The 
earthy matters, however, are lefs,’ It appears, 
that thefe waters are compounded of nearly the 
fame principles, though in different proportions. 
All of them abound with jived air, They con- 


e 
. tain 
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tain more or le{s iron, ratron, and calcareous and 
-felenitical earths; together with a {mall portion of fea 
 falt. Thefe are all kept fufpended, and in a neutral 
ftate, by means of the aerial acid, or fixed air. 
From a review of the contents of thefe waters. it: 
cannot be imagined that their virtues principally 
depend on the fmall quantity of /eid matters which 
they contain. They muft therefore depend moftly 
on their fixed air. And they are probably ren- 
dered more ative and penetrating both in the firft 
paffages, and alfo when they enter the circulation, 
by means of that {mall portien of i iron, earth, 
falt; &c: with which they are impregnated *, 

After all that has been alleged in favour of mi- 
neral waters, it muft be aonteaad that their medical 
virtues are at beftrather dubious. With refpect to 
the metallic {aits which they may contain, the quan- | 
tity is too minute to be very efficacious in obftinate 
complaints; and the warm baths have probably no 
other effect than a quantity of common water heated 
to the fame temperature would have, if applied by 
means of an artificial bath at home. . Where good 

effects have been wrought upon a patient’s referting 
~ toa mineral water, phyficians have overlooked the 
excellent confequences which in the common courfé 
of things might be expected from the exercife of the 
journey, the change of air, and change of fcene, 
from cheerful company, and, though laft, not leaft; 
perhaps, from the'imagination of the ‘patient. 


*® See Elliot, p. 249, &cs 
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_ TABLE OF SPEGIFIC GRAVITIES. 


ISTILLED water 1000 

Calcareous Earth 2723 
Maenefian earth — 2155 
Baryticearth _. -. ~ 3973 
Argillaceous earth - 1669 
Siliceous eafth - 2650 
Bottle glais - 2732 


White glafs - 2892 — 


Flint glafs - - 3329 
Seves porcelain - 2145 
China ditto - 2384 
Lime flones, from - 1386 
—to - 2390 
Common flate - 2672 
Mofcovy talk - 2792 
Calcareous {par = 2715 
Fluor fpar -° - 3180 
Whitemarble - 2716 
Diamond - - = 3445 
Riby - = + 4243 
Topaz - - - 3460 
Emerald - - ~- 3600 


Hyacinth ~- - - 3764. 


Garnet - - - = 3978 


Tourmaline - - 3050 
Opal - --  - =+ 2764. 
Cat’s eye - - - 2240 
Onyx - - - = 2600 
Carnelion = - = ° 2704 . 
€{ommon flint .- - 2700 
Jafper =< = -- 2778 
Quartz - - + - 2654 


Agate ~- - = - 2590 
Gold - - - = 19640 
Platina - -= - 22000 
Mercury - - - 13568 
Dead) -) = 0-5!) 11352 
Silver + - - = 2O474 


Ret sire 


Copper - - 
Tron - er ae 


Bimuth - + 
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- Antimony - - + 


Manganefe - = - 


» Cobalt 4 -ue oe hoe 


Tungftein > - - 
Molybdena - - 
Vitriolicacid - - 
Nitrous acid - “a 
Maurtatic acid + - 
Fluor acid - 4. - 


Oil of olives «2 - 
Linfeed:‘oil - <= + 
Burgundy wine + - 
Bourdeaux ditto - 
Malmfey madeira - 
Cyder. - - - = 
Woman’s milk - - 
Mare’s milk <- - 
Cow’s milk - §- 


Goat’smilk - - - 


Ewe’s milk - - 


-Elaftic gum - - - 


Naptha - - - = 
Camphor - = - 
Spermaceti - ~ = 
ALLOW ates EPR), FEE 
Vitriclic ether. - - 
Nitrous ether -~ - 
Muriaticether - - 
Acetous ether > - - = 
Pareft {pirit of wine - 


8878 


7788 


7299 
9823 
8060 
$763 
719t 
6702 
6850 


‘978i 


066 | 
4738 
2472 
1682 
1085 
150@ 

O15 

949 

99t 

993 
1038 
1018 
1020 
1034. 
1032 
1034: 
1040 
933 
708 

959 
943 


942 


739 
9°9, 
73° 
866 
820 


TABLE 


? ‘Tih inches, barometrical preffure, and at on 5°. aes tempers 
ture, according to Fahrenheit’s thermometer,  exprefied i P 
English meafure, and Englith tréy weight. From: Lavoie 
fier’ss\Chemiftry.—The weight of the five firft were afcer ae ie 
tained by M. Lavoifier himfelf; the laft three were!inferted ane 
by M. Lavoifier on the authority, of Mr. Kirwan. ; ms <M cee 
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Weight ofa - Weight fe su ; i a 


Names of gaffes; ye inch, cubical foot. ee 

pt ae 0% ar. gre a ® 
Atmofphericair - . 32112 aoa Sates Lina ; 

. Azotic gas. - - = . 30064 1 0 39-6 OSs 
Oxygen gas: - = . 34211 L.-. Sa Raat 
Hydrogen gas - + . 02394 o 6 ght abe 
Carbonic acid gas - . 44108 8.61 4 4 
Nitrous gas - - - . 37000 i. 2 aoe 
Ammoniacal gas - . 18515 9:0 ig lg a 
Sulphuteous acid gas. 71580 2° 4 i Sow 
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